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1. INTRODUCTION

Southwest Research Institute (SwRI), under a special task assigned to the Nondestructive Testing
Information Analysis Center (NTIAC), initiated a program in 1985 on the "Review and Evaluation
of Army Aviation Depot INDI and Reliability Centered Maintenance." The final report for this
program, funded by the U.S. Army Aviation Systems Command, is contained in this document.

The program objectives were to:

(15 ' Review and evaluate selected Army aviation depot maintenance work requirements
(DMWRs) for nondestructive inspection (NDI) and reliability centered maintenance (RCM)
techniques.

(2) Develop a plan for expanding the U.S. Army Aviation Systems Command (AVSCOM) RCM
system at the Corpus Christi Army Depot (CCAD) to include more aircraft components
than presently covered, define additional output products, and implement further the RCM
process at CCAD.

(3) ->Develop an overall Army aircraft RCM program plan that is consistent with the depot-
level RCM plan from (2).

With the assistance of Reliability Technology Associates (RTA), subcontractor to the program,
the objectives of this program were met by completing the following tasks:

(1) Procedure for reviewing Army Aviation DMWRs for NDI techniques and RCM philosophy
was formally submitted to AVSCOM's Depot Engineering and RCM Support Office (DERSO)
and to SwRI by RTA in May 1986. After a pilot application, the procedure was expanded
into a "Background, Assumptions, and Methods for Application of Reliability Centered
Maintenance to Army Aviation DMWRs."

(2) Package of 40 DMWR reports, with final AVSCOM Engineering Directive (AEDs), along
with the background, assumptions, and methods document cited previously was submitted
to DERSO.

(3) In December 1987, reliability centered maintenance cost data for DMWRs were submitted
to SwRI NTIAC.

(4) Necessary updates in the Depot Maintenance Handbook (NTIAC-85-1) were sent to SwRI
NTIAC on April 29, 1988.

(5) An updated RCM plan was submitted in January 1988 to reflect preparation of the overall
Army aircraft RCM program plan.

(6) Program criteria derived from Airframe Condition Evaluation/Aircraft Analytical Corrosion
Evaluation (ACE/AACE) meeting viewgraphs were incorporited into both RCM plans.

(7) A detailed Army aircraft RCM program plan was presented to AVSCOM DERSO manage-
ment personnel at a meeting on March 4, 1988.

Section 2 lists the work done by RTA in order to meet the program objectives. Section 3
presents the evaluation done by SwRI on the DJVIXWR documents, and Zetioi 4 covers suggested
recommendations for the program.!
l1



A listing of the title pages for the 40 Army Aviation DMWRs is found in Appendix A. Only
the title pages are included since the 40 documents total over 1000 pages of material. Addi-
tional documents produced during this program are contained in Appendix B.

2. WORK EFFORT PERFORMED BY RELIABIITY TECHNOLOGY ASSOCIATES

The RTA group performed a major portion of the work defined for this program. The following
is a listing of the work submitted to SwRI by RTA at the end of the program:

" Forty DMWR documents along with their corresponding AEDs.

f "Procedure for Review of Army Aviation DMWRs for RCM Philosophy," May 1986.

* "Application of Reliability Centered Maintenance to Depot Maintenance Work Requirements:
Background, Assumptions, and Methods for Application to Army Aviation DMWRs,"
September 1987.

* "Reliability Centered Maintenance Cost Data for DMWR," December 1987.

* "Updates to Depot Maintenance Handbook (NTIAC-85-1)," April 29, 1988.

* ACE/AACE Viewgraphs.

* "The Five-Year RCM Program Plan," May 1988.

As can be surmised from the above documentation, RTA played a vital role in the execution of
the program objectives.

3. SwRI REVIEW OF THE NDI APPROACHES USED IN THE DMWRs

Southwest Research Institute performed a focused review of the NDI approach applied in 40
Army Aviation DMWRs. A large portion of the DMWR documents specified a visual inspection
only. The definition of a visual inspection is defined as "looking at a surface either directly,
with the aid of a mirror, or with a magnifying glass for the purpose of identifying signs of
deterioration or damage." The DMWRs that recommend a visual inspection only specify detection
of such flaws as cracks, nicks, and corrosion; however, very few of these DMWRs mention the
flaw size to be detected.

One DMVWR reviewed by SwRJ that did specify flaw size was DMWR-55-1520-234: AH-1S
helicopter. The various components of the AH-1S helicopter currently are inspected visually
using this procedure to evaluate corrosion damage. On page 13 of the procedure, large areas
of corrosion can be accepted if the depth of damage is less than 5 percent of the thickness.
Isolated spots can be accepted up to a depth of 10 percent. Specifically, the inspection of
diagonal braces (Task 110) requires replacement of components with dents, nicks, and corrosion
damage in excess of 0.010 inch. The specified visual inspection, however, is qualitative and
cannot produce repeatable and accurate quantitative measurements.

SwRI suggests the following alternative to the existing NDI approach in DMVvWR-55-1520-234.
Under contract to McClellan AFB, SwRI developed two NDI approaches to quantitatively measure
the chaffing damage in hydraulic control tubes of various aircraft. The two approaches use

2



focused ultrasonic and miniaturized eddy current sensors, respectively. Both approaches have
been successful in measuring chaffing damage (or pit depth) with an accuracy of 0.001 inch.
These approaches are proposed for the evaluation of various components of the AH-1S
helicopter.

Because of the difference in geometry and material composition between helicopter components
and hydraulic control tubes, the sensors will need to be modified for application on the AH-IS.
The modified sensors would be tested on the helicopter for accuracy, and the cost and benefits
of the inspection would then be determined.

SwRrs final suggestion is that a reevaluation be done on the DMNVR that specify a visua
inspection only. SwRI believes that a visual inspection alone could be an unsafe practice and
might also result in a more costly operation.

4. RECOMMENDATIONS

As a result of the evaluation of the 40 DMWRs, the following recommendations are proposed as
a means of improving the NDI approach:

(1) Every Army component brought in for inspection should have a critical or noncritical
label. A critical component would be one that (1) is life threatening or (2) results in
damage to the crash aircraft. A noncritical component would be one that does not
destroy human life or the aircraft. This type of labeling will help to evaluate the level
of NDI required for the individual component. For example, the NDI approach for a
noncritical component might include a visual and penetrant inspection. On the other
hand, the NDI approach for a critical component should include some of the more
sophisticated disciplines; i.e., ultrasonics and eddy current. NDI of components after
disassembly and before assembly should reduce dollars being lost due to wasted manhours
for assembly of defective components or failure of the component during flight.

(2) Most of the DMWR documents reviewed reference other material that is not attached to
the document itself. The referenced material should all be included in the specific DMWR
document. This will help the reader and result in a saving of time.

(3) Identification of the flaw size common to each component would help to evaluate the
proper NDI approach. If no history of flaw size exists, an evaluation of the component
application should be performed to determine the probable type of flaw.

Based on SwRI's evaluation, a flow chart is found in Figure 1 on a proposed NDI approach that
may be applied to the 40 DMWR documents. In addition, a breakdown of the NDI evaluation of
the 40 DMWR documents is presented in Table 1.

SwRI believes that the results of this program have served in applying the RCM philosophy to
the 40 Army Aviation components, and in providing supporting documentation on the
development of the RCM program. (See Appendix B for RTA documents to support RCM program
development.) In order to improve the reliability of the NDI inspection, a program such as
outlined in Figure I should be pursued.

3



Are Flaws on the Surface?

Yes I No

Visual Inspection

Pass FallF _ I
Is Component Safety Critcal? Maintenance

Is Sizing Needed?

Yes No

F I
FSurface or Subsurface Flaws Re r tO:EW ______

Surface I Subsurface

Magnetic F Nonmagnetic

LargeAreWmallAreaET/UT/MTT L A Mechanical Impedance

Lar e Small

Figure 1. Proposed NDI approach for Army Aviation Components

Table I

SwRI Proposed Approach;
DMWR #/Component Existing NDI Anproach Comments

55-1520-234 Visual only Magnetic particle (MT),
AH-1S Helicopter penetrant testing (PT);

ultrasonic (UT) and eddy
current (ET) testing for
inspection of diagonal
brace tubes for corrosion
damage.

55-1520-228 Visual, MT, PT In addition to the existing
OH-58A Helicopter NDI approach, use ET and

UT on specific components,
i.e., corroded panel, bulk-
head, and tail boom of
honeycomb and composite
material structures.
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Table 1 (Cont'd)

SwRI Proposed Approach;

DMWR #ICornponeflt Existing NDI Approach Comet
phnj~~~~t Qmonn - -Comments

55-1560-196 Visual only MT and/or PT i.e., detec-

Main Rotor Hub 
tion of cracks inside of

bolt holes, splines.

55-1650-290 Visual only MT and/or PT; ET for

Stick Boost Dual Actuating 
detection of flaws on inner

Cyinder osbores 
of cylinders and bolt

holes.
Cylinder 

hls

5-1615-114 Visual only MT and/or PT; ET for

Contr6llable Visual onlydetection 
of cracks inside

Controllable Swashplate 
o othlsslns

Assemblies 
of bolt holes/splines.

55-1615-162 Visual only MT and/or PT.

Tail Rotor Blade and Hub

55-1650-160 Visual only MT and/or PT.

Electrohyciraulic Servo-
Actuator

55-1680-266 Visual only MT and/or PT.

Electromechanical Linear
Actuator

55-2915-147 Visual only MT and/or PT.

Fuel Pump and Filter
Assembly

55-2915-234 Visual only MT and/or PT.

Centrifugal Fuel Booster
Pump

55-2995-107 Visual only Satisfactory

Hydraulic Starter Assembly
55-1615-112 Visual only MT and/or PT; ET for

55-615112determining 
depth of

Rotary Wing Head Assembly 
dtriig dph o
cracks from the surface

and UT for determining
subsurface flaws.

55-1615-158 Visual only MT and/or PT.

Main Rotor Hub

55-1650-150 Visual only MT and/or PT.

Irreversible Hydraulic
Pressure Valve

5



Table 1 (Cont'd)

SwRI Proposed Approach;
DMWR #ZComponent Existing NDI Aproach Comments

55-1650-227 Visual only MT and/or PT.
Control Valve Manifold
Package

55-1650-322 Visual only MT and/or PT; ET for
Servo-Cylinder inspection of inner bores

of housing.

55-1680-289 Visual only MT and/or PT for cracks
Electromechanical Linear on gear and housing.
Actuator

55-2915-148 Visual only MT and/or PT.
DP-D3
Gas Turbine Fuel Control

55-2925-245 Visual only Satisfactory
DC - Starter Generator

55-1615-113 (CH-47) Visual only MT and/or PT.
Aft Rotary Wing Drive Shaft
Assembly

55-1615-102 (AH-15) Visual only MT and/or PT.
Main Rotor Hub Assembly

55-1615-159 (OH-58) Visual only MT and/or PT.
Tail Rotor Gear Box

55-1615-125 Visual only MT and/or PT.
AH-1G/Q 90 °

90 ° Gear Box Assembly

55-1615-277 Visual MT and/or PT.
AH-15
900 Gear Box

55-1560-127 Visual MT and/or PT.
UH-1
90° Gear Box

55-1615-153 Visual only MT and/or PT.
CH-47C
Engine Transmission Assembly

55-1615-152 Visual only MT and/or PT.
CH-47C
Combining Transmission
Assembly

6



Table 1 (Cont'd)

SwRI Proposed Approach;

DMWR #/Component Exiisting NDI Approach Comments

55-1615-116 Visual only MT and/or PT.

CH-47
Aft Transmission Assembly

55-1615-117 Visual only MT and/or PT.

CH-47
Forward Transmission
Assembly

55-1650-157 None available Visual, MT, and/or PT.

CH-47
Fan Motor Visual only MT and/or PT; UT and ET

55-1520-210 for inspection of honey-

UH- iH comb composite structures
Helicopter

55-1615-275 Visual only MT and/or PT.

AH-15
Transmission Assembly

55-1615-157 Visual only MT and/or PT.

OH-58
Transmission Assembly

55-2840-113 Visual/dimensional check Visual, MT and/or PT; UT
T53 Engine and ET for blade inspection.

55-2840-254 Visual/dimensional check MT and/or PT; UT and ET

T55-L-712 
for blade inspection.

Aircraft Gas Turbine Engine

55-2840-231 Visual and MT Satisfactory

T63-A-5A
T63-A-700
Engine Assembly

55-2915-149 Visual only MT and/or PT.

Power Turbine Governor
Model AL-L3

55-2840-242 Visu,-l and MT Satisfactory

Engine Assembly
Model T63-A-720

55-1615-156 Visual and MT Visual, MT and/or PT; UT

Transmission 
for cracks, pits, and
corrosion detection.



Table 1 (Cont'd)

SwRI Proposed Approach,
DMWR #/Como~onent Existing NTU Approach Comments

55-1610-222 Visual and MT Satisfactory
U-21
Propeller Governor
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APPENDIX A
T=TL PAGES OF DEPOT MAITENANCE WORK REQUIREMENTS



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1520-228

This Document Contains 65 Pages.

Army Model OH-58A Helicopters

NSN 1520-00-169-7137

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A

[i

I
i-
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APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2915-284

This Document Contains 8 Pages.

Centrifugal Fuel Booster Pump
NSN 2915-00-996-2169
NSN 2915-00-999-3705

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-

A-



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-162

This Document Contains 13 Pages.

Tail Rotor Blade
NSN 1615-00-121-6545

and
Tail Rotor Hub

NSN 1615-00-121-7354

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by

U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office

Depot Engineering Support Division

September 1987

A-3



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1560-196

This Document Contains 11 Pages.

Main Rotor HuB
NSN 1615-00-788-5321
NSN 1615-00-833-1556
NSN 1615-00-213-7261
NSN 1615-01-056-4550

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A- I

A-4



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-114

This Document Contains 11 Pages.

Controllable Swashplate Assemblies

Part Numbers

114R3304-15 through 20

114R3304-22, -24, -25, and -27
114R3304-506 through -508
114R3304-510 and -512

114R3305-5 through -14, -16, and -18
114R3305-20, -22, -23, -25, -27, and -29

114R3505-7, -8, -12, -15 through -18, -20, -21, and -22

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-5



APPLICATION

OF
RELIABILITY CENTERED MAINTENANCE

TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-112

This Document Contains 11 Pages.

Rotary-wing Head Assembly

NSN 1615-00-004-8885

NSN 1615-00-004-8887
NSN 1615-01-105-6435
NSN 1615-01-105-6437
NSN 1615-01-231-1830
NSN 1615-01-105-6438
NSN 1615-01-113-0460

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-6



APPLICATION

OF
RELIABILITY CENTERED MAINTENANCE

TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1615-158

This Document Contains 12 Pages.

Main Rotor Hub
NSN 1615-00-125-4051
NSN 1615-00-106-8285
NSN 1615-01-030-6652

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-7I

A-7



I
APPLICATION

OF
RELIABILITY CENTERED MAINTENANCE

TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1650-322

This Document Contains 11 Pages.

Servo Cylinder
NSN 1650-00-872-1141
NSN 1650-00-183-549
NSN 1650-01-016-3572

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office

Depot Engineering Support Division

September 1987

A-8



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1650-290

This Document Contains 11 Pages.

Stick-Boost Dual Actuating Cylinder

Part Numbers
114H5600-3; 114H5600-8;

114H5600-9; 114H5600-10; and
114H5600-14 Through 114H5600-17

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-9



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1650-150

This Document Contains 10 Pages.

Irreversible Hydraulic Pressurized Valve

NSN 1650-833-1600
NSN 1650-992-0940
NSN 1650-911-7349
NSN 1650-130-5964

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-10



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2915-147

This Document Contains 11 Pages,

Fuel Pump and Filter Assembly

NSN 2915-00-924-7791

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-I



APPLICATION

OF
RELIABILITY CENTERED MAINTENANCE

TO
DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DM'wR Number 55-1650-227

This Document Contains 9 Pages.

Control Valve Manifold Package

NSN 1650-00-731-1569
NSN 1650-00-691-3026

NSN 1650-01-098-7712

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by

U.S. Army Aviation Systems Command
Depot Engineering and RCM Support Office

Depot Engineering Support Division

September 1987

A-12



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-1650-160

This Document Contains 6 Pages.

Electrohydraulic Servoactuator

NSN 1650-00-011-9022

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviat-: n Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A- 13



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2995-107

This Document Contains 9 Pages.

Hydraulic Starter Assembly

NSN 2995-00-012-3383
NSN 2995-01-072-5918

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A-14



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2925-245

This Document Contains 12 Pages.

DC Starter-Generator
NSN 2925-00-912-3993
NSN 2925-00-179-7143

Submitted to

U.S. Army Materiel Command
Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987

A1



APPLICATION
OF

RELIABILITY CENTERED MAINTENANCE
TO

DEPOT MAINTENANCE WORK REQUIREMENTS

FINAL DMWR REPORT

DMWR Number 55-2915-148

This Document Contains 13 Pages.

Model DP-D3
Gas Turbine Fuel Control

NSN 2915-00-931-8357
NSN 2915-00-781-6769
NSN 2915-00-179-5587

NSN 2915-00-134-7807
NSN 2915-00-130-6095
NSN 2915-00-134-4564

Submitted to
U.S. Army Materiel Command

Materiel Readiness Support Activity

Submitted by
U.S. Army Aviation Systems Command

Depot Engineering and RCM Support Office
Depot Engineering Support Division

September 1987
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The purpose of this five-year reliability-centered maintenance (RCM)
program plan for the U.S. Army Aviation Systems Command (AVSCOM) is to
provide a framework for facilitating and enhancing the accomplishment of RCM
engineering functions and to more fully implement the RCM process on Army
aviation systems and components in accordance with the policies of DOD
Directive 4151.16, AR 750-1, AR 700-127, AR 70-1, and MIL-STD-1388.
Integrated into the plan are the metnods and procedures given in AMC Pamphlet
No. 750-2, "Guide to Reliability-Centered Maintenance".

This RCM plan describes the overall RCM process as it applies to new
Army aircraft as well ai fielded aircraft. The plan describes the overall ROM
process functions, responsibilities and interfaces with unit, intermediate
and depot maintenance organizations, logistics, and other command-wide
programs and functions.

This plan establishes new programs for the five-year period starting in
fiscal year (FY) 1988 and is oriented toward enhancing the Directorate of
Maintenance capability to support HQ AVSCCM, Systems Managers and the Corpus
Christi Army Depot's (CCAD) projected work load for FY 1986-94. Specific
programs focus on:

(1) The development of improved, cost-effective maintenance plans,
work requirements and material management tecnniques

(2) The application of tne -,CM decision logic to prioritized aircraft
.- The co-ltion, reduction and entry of expanded data into tne

AVSC. RCM data bank
) The performance of more conmlete R1 data analysis and the

preparation of comprenensive user reports
n, he preparation of maintenance support guialdeines and zrainin
,ater-^'= i , he imt-ementation of RM training anc tne
establisnment of a more ccst-effect i ve RCM and integratec
logistic support (S interface.

Timelines and milestones are provided for tne required program activity. ne
p--an aefines user requirements and i dentifies the need for auca:aicn.
provdes a oasis for prior.tizing inaivioual rograms ano :or Laenuf.....

necessary resources for their implementation.
The plan will be updated to reflect any changes in conditions and program,

emphasis. The Maintenance Directorate appreciates the help of those tnat
contributec to th is plan and welcomes any comments or suggest nrs for
consideration during the preparation of sucsequent updated plans.

DANIEL J. RtUERY
ca , :S
Director of Maintenance
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1.0 INTR0D(JCOCN

1.1 Objectives and Scope

Reliability-centered maintenance (RCM) is a systematic, disciplined
methodology used to identify maintenance needed to ensure preservation and/or
restoration of the inherent system reliability, safety, and mission
accomplishment at a minimum expenditure of resources and to prevent
indiscriminate maintenance which is not cost-effective. its specific
objectives, as jelineated in AM-P750-12, are to:

(1) Estab!4-sn design priorities which facilitate preventive
maintenance.

(2) Plan preventive maintenance tasks that will restore safety
and reliability to their inherent levels when equipment/system
deterioration has occurred.

(3) Obtain the information necessary for design improvement of
those items wnose inherent reliability proves inadequate.

(4) Accomplish tnese goals at a minimum total cost, inclading
maintenance costs and the costs of residual failures.

RCM is based upon the preMi4se that maintenance cannot improve Upon the
safety or reliability inherent in the aesign of a nardware 'systeL.* aooc

maintenance can only preserve these characteristics. The R2CM ohflosopity
dIictates that maintenance snalli be perfonmed on critical components oaly wner.
it viill prevent a tecre-ase in reliability and 'or deter ior ation of safety-
unacceptable levels or wnen it. will reduce -1fe-cvol e cost; Tmantenance sna=-
not be performet on noncrit-ica1 Components unleSs it will reouCe Ic-yce
cost.

Application of tne RM- oroess invo -ves eval.uat inr nantenance cbaset 2-.
equipment functions and fauemodes. .V~3C_ a eeoe amitnne
zask oriented logic analysis process f or Army al'rcraft systemsz ana componentsz
based on the MG-3 decision _Lo_' (see Apeniy k). This Rci~l-i:aayi

iaple to- determine i4f any of the folliowing tnree processes are effective
in preventing a caintenanc-E significant component failure mode:

1) Cont.ion mon_-.itrni wnere degradation o)rior to functional
failure can be detect:ed in sufficient time by instrumentatlon
(i.e.*, temperatuire, pressure, vibration indicators)

2)On-Conition wniere degrad-ation prior to functional f1alurLe Can
be detected by periodic tonspections and evalIuations

(3 iard-time reol'acement wnere degradation, .because of awe or usage,
pri-or to functional firecan be prevented -_Ya
rep~aCe/3verhaul task at a Predetrm-ned, fi--xed :nterval
(genera-'l, Ln terms of 3nperating time or f'.-ing- ho:urs)

2s-n availaole system safety anci r-a-ao:..zty (nistorical'fiuemt
and effects) data, RCM identifies those como,;onents wic-I. are criti.cal in zerzz
of mission accom::snment and operating safety. ...t oetermines toe feasibility
and desirability of maintenance, it nignlkgnts maintenance proolem areas f'or
redesign consideration, and it provides supporting justi'fication for
maintenance.

$1.2 Bcgon
RZM interfaces witnr. toe Integrated Logistic Support (fLS) activity. Z.Iis the orocess of' de_'Ining support requirements tnat are optimalt y related tc
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design and can be obtained at minimum cost during the operational phase. It
is a systematic, comprehensive process conducted in accordance witn
MIL-STD-1388-1A. An effective ILS activity provides:

* Continual information exchange between the system designers and
the maintenance/logistics disciplines.

* A data base for the performance of analysis (life cycle cost,
etc.) and trade-off studies.

* A structured means of establishing the maintenance program and
identifying logistics support requirements.

* A method of identifying deviations from anticipated
behavior/operational goals so tnat corrective action may be
taken.

Data produced by the IS activities form the basis for design/--1pport
trade-offs while alternative design concepts are being explored. The ILS
requirements are documented in a series of worksheets known as Logistic
Support Analysis Records (LSAR) in accordance with MIL-STD-1388-2A and used
subsequently to establish support resource requirements. RCM analysis data
are major inputs to the ILS process and appear on tne LSAR "B" sheet along
with reliability and maintainability (R&M) data. "B" sheet data provide the
basis for preparing the other MIL-STD-i:385 LSAR worksheets used to establisr.
support resource requirements. The result of the complete RM/ILS process is
the compilation of a Provisioning Master Record (PMR) from which procurement
of suoort items is derived. Resulting data are also used as direct input
into, or as source information for, the development of other ILS aata products
includ-ng tecnnical manuals and oersonne. ant training requirements.

Fiure i-1 depicts tne process by development .. a an'
durin: deployment, actual e<Xperience data are used to es-ata sn
reu:irements tnrough applicacion of RKM analysis.

I -- T a' z a _e --r~r- -- ------ - 7- .= ;

A l i- -- - • '-- --

.ne R Ci- -ven il' process s nr.:_atez early in tae develoomenz of a ne
systez to impact design and ooeratoon-i oncepts; to identify tne gross
-ogist-c resource requirements of alternative concepts; and to reate esign,
operational, manpower, and support cnaracteristics to readiness objectives and
goals. Support plans and requirements are optimized by allocating tasks to
specific maintenance levels and formulating aesign recommendations to reduce
maintenance times or to eliminate special support requirements, etc.

I activities are based on data derived from performance
information, fa-ilure factor estimates, RCV _.oglc analysis and support plans.
During earlydevelopment, the failure factor estimates needed as input to ::Z



activities are derived from similar fielded equipment. Later in development
(and during deployment), the failure factors are derived from detailed R&M
analysis. The R&M data include Mean Time Between Failures (MTBF); Mean Time
To Repair (MTTR); and Failure Mode, Effects and Criticality Analysis (FMECA).
The MTBF, MTTR and FMECA data elements are major inputs to the RCM/ILS process
and appear on the LSAR Data Record B in accordance with MIL-STD-1388-2A.

A system reliability prediction performed during development establishes
the MTBF and part failure mode/rate numerics. The prediction and its
associated mathematical models are generally derived from MIL-HDBK-217 and
from oter sources. The prediction establishes the basic part/component

replacement rates of the design and is used as input to logistics support
anaysis (LSA) anc trade-off studies of alternative design concepts.

Similarly, MIL-HDBK-472 is used for maintainability prediction and
particularly for deriving factors for repair time, maintenance frequency per
operating hour, preventive maintenance time and other maintainability factors.
The techniques given in MIL-HDBK-472, in general, involve the determination of
MTTR using failure rates obtained from the reliability prediction and
maintenance time factors derived from a review of the system design
characteristics. Conceptually, the repair of hardware items after the
occurrence of a failure necessitates the initiation of a corr-ective
maintenance task w-icn ultimately results in the interchange of a replaceable
part or assembly. in order to achieve a complete "repair," various activities
conth efore and after the actual interchange are necessary. This incl u j es
activities for lozalization, isolation, disassembly, interchange, reassambly,
aLigaent and check-out.

The compcsite time for all repair activities is called tne repair time.
The part/assemby f-ilue 'ates and repair tiLes are combined to arrive at -
,e ..te correc.ve maintenance action rate. The prediction process a----
invo..ves oreparmn: a functional-Ieve! diagram for the svstem and ot.:n-
tne r-air imc f or eacn repiaceabie item. Tne functional-level di'agra
reflects the overa -naintenance concept and tnIe complete replacenr.t
oreaidown for ali items that comprise the system.

hU-HD3K-472 information allows the analyst to determine (via tne R:!-'I CIL
p toess) the number of people required to maintain a given nn.ber of s ,tems
witnin a spe.cifiez operazing/calendar time period. In corjuncicn a:itr
m-ntai.nab-I i t predictions, additional maintenance data supplied t: tne
contractor allow decisions to be made regarding difficulty of maint e ance
wr.ich translates into skill levels of personnel), tools and eouipmeno

requred, consumacie items used while performing maintenance and
reoatred .

Critical t3 ?2M and ultimately logistic sapport aPnalysis is FMECA. The
.vEA identi-fies otential failure modes, tnus establishing the initial oas3
for formulating :,aintenance task reouirements. A FMECA systematical
:entifies tne ike>y modes of failure, tne .o-Ssi effects of eacnh f-'
an: the criticalitvy of eacn effect on equipmenz. fuxnct-on, safety or sme ztner
o.utcome of signifiacance.

The R&M predictions and the 7AECA for a development system are general.. _
performed by the prime contractor as part of tne Reliability, or ?roducz
Assurance Program; however, the analyses must be coordinated with t:e Pv
program and tne results must be made availaole as essential Lnput to RZpM logic
analysis and otner RCM functions. This coordination should address timinz :)'
tne analyses, tneir level of detail and the specific ocumentat-o
requirements.

DurinZ deployment, as operating experience is gained, activities f:cuz on

3



determining the actual reliability-age characteristics and applying the RCM
decision logic to respond to failures not anticipated during development, to
assess the desirability of additional maintenance tasks, and to eliminate the
cost of unnecessary and over-intensive maintenance resulting from the use of
default answers in the initial RCM logic analysis. Actual experience data,
such as that compiled and incorporated into the RCM data bank at CCAD or that
which can be derived from the readiness, supply and maintenance reporting
systems, are used to update the failure factors which are used as tne basis
for these activities.

T1he cornerstone of an effective ILS process is the RCM logic analysis.
It is conducted in accordance with AMC-P 750-2 to identify maintenance problem
areas fOr design consideration and to establish the most effective preventive
maintenance program. The logic is applied to the individual failure modes of
each repairable component identified by tne FMECA. A progressive
determination is made on how impending failures can be detected and corrected
in order to preserve, to the degree possible, the inherent levels of
reliability and safety designed in the system. The complete process involves
four major steps:

STEP 1 Perform FMECA

STEP 2 Apply RCM decision logic to each repairable component
failure mode in order to determine the optimum
combination of maintenance tasks including hard time,
on-condition and condition monitoring or if redesign is
needed in order to prevent a failure mode

STEP 3 implement the RCM decisions by defining specific task
requirements, developing logiszics data, defining phase
mantenance programs and identifying appropriate
maintenance task frequencies/in:era!ls

STE 4 Apply a sustaining engineering effort using actual
reliability-age experience data to op-imize the
program

AVS2CM has developed a computer-aided decision logic process wnere simple
"vs" or "no" answers to the logic questions are entered directly into a
computer system. This computer-aided RCM decision logic process is
described in Appendix A. Use -f the automatea decision logic taring Step 2 of
the RM process (once it is analyze and revised to meet the provisions of
AA-P 750-2) ensures the aevelopment of high quality maintenance plans in less
time and at lower costs. 7t estab-isnes a system ma:ntenance history that
would allow correlation to tne a experence of specific Darts an,:
failure modes and criticalities. It assures that all maintenance significant
parts and their failure motes ana criticali:ies are considered in the
establishment of maintenance requirements. The system allows for routine,
on-line information exchange among AVSC0. engineering and maintenance staff
and management. It provides the capability to manage and audit tne RCM
process over the entire system life cycle.

The most cost-effective maintenance task(s) is then specified (during
Step 3) for each component failure mode by evaluating the consequences of
failure and by taking its cause into accourt from the RM decision logic
analysis. To illustrate the logic analysis, following are three questions



which are addressed in order to specify the optimum combination of on-
condition, condition monitoring and hardtime replacement maintenance tasks
for a given component. Appendix A provides a description of the complete
logic process.

9 Is an on-condition maintenance (0CM) task to detect potential
failure applicable and effective?

An 0CM task involves examining the condition of a hardware
item using a specific checklist, inspection procedure, standard
or Army regulation. It may include a functional check to
determine if one or more functions of an iten performs wittin
specified limits.

0 is a crew monitoring maintenance task applicable and effective?

This task involves monitoring by tne crew of instrumentation
and recognition of potential failures tnrougn tne use of normal
physical senses (e.g., odor, noise, vibration, temperature,
visual observation, changes in pnysical input force requireents,
etc.). To be effective, reduced resistance to failure must be
detectabie ant rate of reduction in failure resistance must be
predictao2e. Indicators that annunciate failures at the time of
occurrence are not applicable. Examples include the detecton of
eakv seals tnrough noting excessive oil consumption or smoky

engine operation, tne ae t.. of clogged start fiel nozzles by
difficult enzine starting, and tn- deection of minor ..racs in
engine camzonen-s by a decrease in avaiLaole engine power.

* _... a reiaeement m-aintenance tas,: :c avoid failures or tc re:uze
toe faiure rae a.licab.. ec.ve?

Tnis tas.: involves s~lsti;.ting a serviceable like type
part, suoassem.v or module ' oponent or assemoly) for an
inserci:!eaoie counterpart. t rezuires removal from serv e -- of

iem at a specified i limi

Ks t s nn-rna-y ap... to so-called single e 13-
tarts sucn as cyl,nders, engine disks, safe-life structural
nembers, etc. Tne -tem must snow functional degradation
cnaracterlszics at an identifiatle age and a large proportion of
units must survive to that age. Hard-time components are
reo acec at 'CA: as part of one overnaul process.

.,_.arc-tzm,_...mi.;zs must oe supported by statisc ally sound
t est zaza or sz= 4s *z2 analysis of fielt data. :he fei a ure distrb-zc
snou: oe dete- e. -Ln addition to the mear. time or usage t l
Replacemen at nard-zme limits is most effecive when there is a close

! correi ion between reliability and age e.g., tne variance about mean time tc
failre is narrow.

Al nough "wearout" is a classic reliaoility concept, the existence of a
-. wel behaved wearout mecnan:sm is not all that prevalent in the real world.
terns i-n tnis cIass are generally simple (so-called "sg-cell") components

such as tarts wich are subject to metal 'atizue or otner hinds of mecnaniaa3 wear wr.zn are well correlate: wt time, or time in use.

I



Recognition of the limitations of hard-time maintenance has led to
emphasis on OCM concepts based on inspection. However, it must also be
emphasized that OCM is only effective when potential failure can be
ascertained reliably and inexpensively. In defining the OCM tasks, it must be
kept in mind that detection prior to failure can be accomplished only if the
inspection occurs during the period between the onset of noticeable and
unacceptable deterioration and the occurrence of actual failure. The
inspection interval selected should be the largest that provides an acceptable
likelihood of successful detection.

The most sopristicated maintenance tasks are based on concepts of
"Condition Monitoring" in which failure potential is under constant
surveillance, (e.z. on-board diagnostics-PEATS). This is a technology limited
approach which previously appeared only in very high-value (safety, cost or
mission) items. With the emergence of new classes of effective and
inexpensive sensors and microprocessors, "Condition Monitoring" is much more
prevalent in Army aircraft.

Once the RCM logic process has been completed, the tasks in the scheduled
maintenance program are then specified. This includes preparing specific
requirements for servicing, condition monitoring, on-condition (ACE/AACE,
P.k), adjust/align/calibrate, rework (repair)/overnaul, and replacement (at
'ife-limits) in accordance with the decision logic results and output data.

To facilitate application of the R2, program (and extend useful life),
design emphasis is placed on the use of proven long-life component parts, tne
use of easily accessible and interchangeable modules ana units, the
incorporation of ease of inspectability features and the addition of more

s s d n-board dianost c systems. This leads to more cost-
.ff ectv e mie-an ... e and to the establishment of betzer indicators or
Precursors of failure which greatly improve the on-condition maintenance
cask:s. impr-ve toe concioin aonitoring taszs performed by one oeratinZ crew
an= extena tne clue _LmrLs for nard-zime replacenent tasks a: the depot.

he CX/7'S program integrates many of the relevant.rliabili..,
maantao~na iiy ant safety Drogram -asks and other special studies in Drier to
acnieve the commn objective of orienting the development and operational
phases towart a pratical, supportable and affordable nardware system.
provides output data for trade-off analysis with the design engineering
function and for preparation of optimm maintenance plans. - nese :ans
Jocument the requirements and tasKs to be accomplisned for acievng, ,
restoring, or maintaining the system's operational capability. The plans also
establisn reauirements and/or interfaces for reliability, maintainability ant
safet prograr tasrs, life-vci. cost analysis and other related program 7:asKs
or elements. Tney describe how the system w-ll be maintained ant one
relationsnip toa the overall maintenance concept. Tney provide aefini:ion as
o gnat constitutes a repair action and the scope of maintenance activi:tes

Dlannez for exeu-ion at the various level of repair. Tne plans speci :-
idenzify and aefine loisti-c support requirements including:

a. _in enance tasks including requirements to support tne system at
eacn level of repair.

b. Spare provisioning
c. Tool and test equipment, including calibration equipment and

calibration requirements.
d. Manpower-raining and skill levels
e. M4aintenance manuals and data
f. Training mnua ls
g. Suooort eauioment/facilities

IN
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h. Shipping and transportation
i. Quality control
j. Configuration management

Maintenance planning starts during the early concept phase and the
initial requirements are formulated during the demonstration and validation
phase based on the R&M, FMECA and RCM analyses. The plans are updated as
necessary during the course of the development program and reassessed after
the system is fielded as part of a sustaining engineering activity to reflect
revised R&M, FMECA and RCM logic analysis data derived from actual field
experience information.

1.3 Format of the Plan

AVSCCM's RCM functions are described in Section 2.0. An overview of the
new RCM programs planned for the five-year period starting in FY 88 is
presented in Section 3.0. These new programs are intended to facilitate and
enhance tne accomplislnent of tne ROM functions. The next six sections (4.3
through 9.0) present more detailed descriptions of each of the RCM programs
within the major program areas - ,aaintenance Planning; Methodology; RCM
Application; Material Management; Maintenance Support Guides, Training an 1
Interface; and Data Elements and Utilization - and present timelines for
their development and application.

This plan contains three appendices. Appendix A presents a description
of AVSC2I's automated RCH decision logic process. Appendi B presents a
procedure to review and to revise, as necessary, depot maintenance w:r:
requirements to reflect the RC'. process. Appendix C presen a!: ovea r ew f
ne projected wor i-oad requirements at the Corpus anristi tirmy ZCeOt.

I
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2.0 THE RC4 FUNMOCICS

The RCM functions and the respective responsible AVSCCM organizations are
described in AVSCCM Regulation No. 750-XX, "Reliability Centered Maintenance
of Army Aircraft, Components, and Associated Equipment" (currently under
coordination) and are summarized in Table 2-1. Each of the RCM functions, and
the organizations that are responsible, provide support, coordinate or are
users of the functional outputs are identified in the table. The functions
are defined solely in response to the regulation and are in no way prioritized
with respect to program needs and budgetary constraints. As can be seen in
the table, the Maintenance Directorate is the technical focal point for
AVSCOM's R0M program and for the accanpiishment of essential RCM management
and engineering functions. Within the Maintenance Directorate, the Depot
Engineering and RM Support Office (DERSO), located at the Corpus Christi
Naval Air Station (CCNAS) in conjunction with the Corpus Christi Army Depot
(CCAD), is directly responsible for planning and implementing the RCM process
on Army aviation systems and components. DERSO, in addition to its ROM
responsibility, provides depot engineering support of CCAD and H AVSOCM
operations throughout the materiel life-cycle. This includes providing
maintenance engineering and consulting service in support of the disassembly,
repair, overhaul, rebuild, testing and restoring of Army and cross service
aircraft, systems and components and related ground support equipment at CCAD
ana worldwide as required.

The RCM functions are further described in the following paragraphs of
tnis se-tion.

2.1 RCM Management, Guidance and Integration

This funtion. provises AVSC2. szaff management ana guitance for tne RCM
program on an overahl non-system basis. It includes proviafng Euihance for
integra i.ng RTM into othner programs retaoed to the development of a ma eri=

support system.

2.2 RCM Programning, Budgeting, and Funding

This function iden;ifies to the proeco manager, durin the concept
phase, funds needed for RCM implementation to ensure their inclusion in the
budget, the project management plan (PMP), the coordinated test program (CTP),
and other appropriate documentation. t includes identifying a-nd forwarding
R2M fundina requir_=ments to the pertinent oudget ei ament ir sufficient time
for inci.usion in the budget. The individual project managers are responsible
for progra~dng and budgeting for resources ident-ified as essential for
application of ROM to assigned developmental systems. They are a2so
responsiole for stating RCM fxnaing requirements, planned approach, and
milestones for imolementation of i".,1 in tne P'i?, te CTP, and o-ner
appropriate aocumentation.

2.3 RCK/ILS Review Team Establishment

This function establisnes an RM/1LS review team for each system
development program to monitor the adequacy of the RCM effort and in
particular to ensure an effective interface with the flS activity. The
inividual project managers are responsible for providing (or requesting the
Director of Maintenance to provide) a person to chair the review team charged

_o_
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with monitoring RCM implementation as a part of the ILS effort. DERSO and the
Product Assurance Directorate are part of the review team and as such
participate in monitoring the RCM implementation efforts.

2.~4 RCM4 Techniques (Participation with Higher Ccuuzmnds)

This function participates with higner commands in developing, refining,
and implementing ROM logic and anaalysis techniques. This includes
investigating improved, cost-effective methods, covering on-condition,
condition monitoring and hard-time maintenance. Many of tne programs
descri4bed in Sections 3.0 and 5.0 of tnis plan are to develop improved
tec~nniqces that are oriented toward enhancing AVSC~i's capabili ty to
implemen-, tne ROM process on both new and fielded aircraft systems and
components rapidly and cost effectively.

A key aspect of this function is to continually refine the RCM decision
logic ('see A.MC-?750-2) to reflect the socfic needs anrd characteristics of
Army aircraft systems and canponernts. AS1has developec' as par-t of tn:.s
function an Army aircraft computer- aid et RC"M decision logic process. This
canputer aided ROM decision logic process Is descrioed in Appendix A.

2.5 RCM Requirements (Inclusion in Contract/Program Documents)

This function assures t.naz RC.A reaouireents, in the form of RAMi and
losistic supoort concepts/ parameters, a-'e izenified to the aonolicable syst en
or progrxam manager for inc!lusion in o.n'actua.l documents anc :n ro:rz_
document S j ustificatior, of ma'_or ssm new, start (J ~SNS . lette-r
azr cemerntJ Z%0)3 , rezu4re: oet;.7-on-- c-ao ity :RQZ), letter emt

.R) raining devi ce reoui'rement ' ~~program manazemen-L c-an ?M,
a.a-us-oton plan. 'Ak?, -equest for p-7-~a , Detailed Scne:u'Les :or
R 2 1l anal vS is an: planni-nS for ;a-iat::) .i wel as tne sus:aini ri"'
effort wniJcn, m*ust De performed d urn the operat. onal pnlase ar-e t3oD
prepared and reflectd in the program rezc.ament do:.mient7s. Tn-'s functz-or
al-so ncdsassurinz triad tne contract -z'al- rejira3nenz for R:, 4s adexiatev
cross-refe-encet wnen _-nvoi-4n: the reureetfor an L.31 -;La v. t te

A:l7 iT. AMj ?Ak 1 , provides :zuizance for applyinE iC.. asz 3atf:t
::process.

Thiz funct:ion also det.erines -wr-en "full-up" R-11 --an and- cannot be
econx.Lc:-_ly applied to) fielced systems and those in late aevelopment pnases.
: iis includes maintaininc. formnal records -c document. any decisio.-

---is funct ion lalso assures cont inuinz- aroolicataon of RY7, t: a.Ouc
improvements for assig:ned systems wnicr. were develooed uisingc R:1 :tecnioues.

2.6 Develomental Systems: ROM Application (Life--Cycle)

nsfunci2 on im-plemneris R-^, for asSIgSned svst ens in- coortr.ai rtn
tie syst em/program maznagers. The managers are Iresponsible for providing cor
assuring provision of;' tne ingredients essential to an overall, effect iv
program for assiganedJ systems. This i-ncludes appa-cation of R:Y1 tasrs
t.;rro ugnout: -- system's 1l4fe-cycle. These l-ife-cycle -.asis are as fzollows:

-on cept Exploration.
The RCM t as,:s and how tney interface with the Z. rocess are

clanned during tnis2 phase. The ol.i n addresses t-ne interrelat:e:
:otd ectivreS of R=-M . tne ma:-intenance plan and R2X and oes oc .
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accordance with the approach, milestones and funds required to implement
R94 as specified in the RMP, CTP and other appropriate documentation.
Historical data from existing systems are reviewed to relate past
experience to the logistic support requirements of the new system.
Logistic support alternatives are evaluated including the anticipated
scheduled maintenance burden of each alternative and any anticipated
advancement in reliability and safety design techniques wbi.ch would
impact the projected maintenance burden. The project manager is
responsible for establishing the maintenance concept to include
identification of the capability required to retain those safety and
reliability parameters incorporated during design.

Demonstration and Validation
During this pnase:

'I) A FMECA (functional) is performed, criticality
thresnolds are allocated to the system and
subsystems consistent with R&M and safety objectives
and any needed design improvements are determined
and corrections identified. The maintenance plan
identifies tne capability needed to retain the
safety and R&M parameters incorporated in the
design. Failure modes remaining in tne
nonacceptable range are designated as design
deficiencies to be correcte- -uring the development

phase.
R 2:'4 oecis.ons are recoraed n the system JLAR and
ura : ed by application of R'... logic ar.alysis) as
one aesicn matures.
Mainztenance plan reouireme~;os inclutirg contract
re u-'re.-ents o aset on conside =-tions _ re
developed and incorporated into appropriate LSAs.
R2M implementation is monitored by the R3M/ S
review -teat.

During this phase su fficient data are zocumented to support the
zeve'o ent of fir P&M/lo istics support objec tives for inclusion in
tne subsequent requirement documents.

F Scal e evelocment
-ing onis phase:

RCE, aocumentazion is "bdated by application of RZM
logic analysis) at the Deginning of tnis phase and
onereafter as required.

,i F>EZAs 'nardware) are performeJ to an indenture
_eve one nigner tnan one lowest level at wnich
corrective and preventive maintenance are
prescribed. An analysis of the failure moaes Is
performed at the lowest level w-ere corrective and
oreventive maintenance are orescribed Also
his:ordcal data from existing systems are reviewed
to assure tne aaecuacy of tne data oase crior to
te subsequent RCM logi_ anal.sis.

_ i , -litlIH m H a - -,



(3) A complete RCM logic analysis is performed to
define specific condition monitoring, on-condition
and bard-time replacement maintenance tasks or to
identify the need for design improvements.

(4) Maintenance tasks are specified for each maintenance
significant component failure mode in accordance
with the maintenance task(s) identified by the RCM
logic analysis.

(5) Corrective maintenance analysis is performed to
determine maintenance tasks that are requzired for
each repatzrable item. This analysis taces into
acco'unt the F&YI 2naracteristics of the equipment
desig:n as reflected in the MTBF and M7R analyses.

0) The acequacy of the overall main tenance plan,
including the preventive maintenance checks and
servi'ces (PMCI-S) and assigned maintenance levels, is
evaluated during this phase in accordance -with the
appropriate test plans.

(7) RL-71 implementation is monitored by the R_-.M/TTS review team.

-r oduction and Leoployment
Duri4ng this phase:

1) Maintenance procedures are developed for
mairntenance significant items in accordance_ -v-th the
soecif :et maintenance tasks aerivet -rcm the KM

_z~ =alysis.
!) ainterance reounrements derivej from R-M analyses
are :ncorpora ed i nto to-e appropriate= t ecnnical
pu,.bI:a tiors . This :_ncudes sos ~g anz:
pre 3arin& p:rocu .z4:nz changes or rev~szons 0:toe

ap 0 aol2  t e chI'al publications. sz- reviewtz of
PMCS, tecnnica_ cuLolication, etc., for nato_'tenance-
signi'ficant fielded equipment util izin B21Loc
are :onzucted.

~) Aproo)riate intervals are determine:- for -each

natenance tasK. Also tne time req,: rec foDr
aLLJitary personnel to perform sc hedule_-- ni-'tnance
is re':iewed to d -eTnrmne if itz is rea sonace ant 4s
the mninmin essenial for the retentior: of safety
ana reli_ aoil itv tnat was des igned intc tone svs t em

.ea nuraenscme - n~nance Syvstem cannot
cOtoensate for an inadeziuate c esizn.).

4)Toe ma-ntenance concept/olan i's fully aconstrated.
S 5Sta:O4 nng engineering program- Js n stittd

7-)-eetoacr. ctn field ant en:zaneern;. ats; a.e
assessed to deter -4oe the extent tnat tne fiz:. is
actu-ally performning, the sc!heauled aztnac
servi, s and to identify need ed ad Js tments to tone
maintenance and reliatiity improvement programs.

2.7 Fielded Systems: RC'6- Application

~sfunict4:n implements R:X1 on fi*eloez ytm. I inc lutzes toe



following tasks:
(1) Performing a FMECA based on field experience data. This

includes reviewing historical data from existing systems and
assuring the adequacy of the RCM data base and available LSAR
records.

(2 ) Performing RCM logic analysis in accordance with AMC Pamphlet
Nob. 750-2.

(3) Developing PM task specifications and task intervals from the
RCM logic analysis.

(4) Performing reviews of existing depot maintenance work
requ-rements (DMWRs) and supplemental documentation and
assa'ing that new DKIRs reflect the ROM phiflosophy and data
requirements. This includes preparing scheoaules AMC Form

650-R) for DEIWR reviews in accordance with ANC-B 750-9. The
review schedules must include all Divi~s being reVised based on
the ROM philosophy as well as those being pr'ocessed with ROM
incorporat ed. it also includes preparing D.Av'Pi final reports
showing the savings derived from tne application of R21M logic.
One final reports are dated and identified to U'4WR number,
national stock number, nomenclature, and moael. Total, cost
(organic/inorganic) of tne D[IIR review is included. Th e
following, information is included: manhour savigs, mannours
cost savings, parts cost savings, materiel cost savings, and
net cosz; savings. Any pertinent comments are aLso included in
toe £t4WR final1 reports.

A- -a'y eement of tone D-4<B riew task i s tne in-or-ooration of on- cond:ition,
mai n_ Qe CX) tor-ougo. presnop a na-ys s i ?SA _4is perform ed o n

acraft syst-ems and components upon their_ ;nutir int to deoo
logic L '4spe2:.ion process - itn tne insoe:tion fcusi'n on tre reason"S; W-nv
toe ot:em was sent to t he depot , toe cz=,ponent -D-ratoin:_ t;imes an: toe

conzit: ion of tne hart-ware. 5asez on con: .otion toe inspector speci fies tne
extLent of d4isassembly and rep~air ne, , to be performed4. Crt~afor furtoaer
asse Sn tn conditi on ofairoraft oomzoonents are con' nuous-1, Lafng,
Jeel'oe d b y DEERS 0 andj i n 2 1 ed i n r e visfo ns t o the- app-icaoie UTFW.;S. m.Ie
revise: D~iRs require pnvs_ !al ant func::_onai inspe:ot:ion as part ofto P
process to determine toe extent of repair', modification and part replacemen:o
requi-red4 to return tne i".' to serviceaoe st;atus. As a -es...t unnecessarv

ovraw.is ellio natez and rmaintenance performecJ only when the conoot-icr
warrants it. The procedure for reviewinz ana revising applicaotle Dffv,'s to
reflect RCM -3cM/ inspection and repair is given in Aopenz-x ez.

(~ Panin ad npeme nZ ; the airframe condtion
e-valuazioa.'aicraft analyti_-'cal! ccn-Otion ev-:'uation CC~AE
program.

:hez AS.'AACE7 Prorram involves an anua evaluation of tone cond-ition of an:
=aorcraft in accor-"ance -with a carefully aesignet prof-Ling tecaniziue wo c ar
cc easil-y appliedJ by trained personnel. 1z uses a profiling teoiusfor
evaluating aircraft condition ant for identifying items most 'n need of' aeo
:-Zn-enance. The program provides a meaningful and i'nexpensive methnoc for
ranking the aircraft wit nin tone fleet as cand idates .or deto3t level
maintenance. ACE uses for its evaluation a reoresentative list of i ndicators
of structural condition selectec--e for eacn, aircraft type. Typical indicators
incluoe tne condition of the mai"n lift bean, the nose fuselage skin, and_ toe
uc:oer oulknead-. Weignts are then asiedto eacn of toe inoicators -asing-
ranki-ng and distribution techniqu es. L-cn indicator is furtner defined by



condition codes which depict the condition of the indizator, i.e., no defect,
cracked, buckled, etc. AACE, a special corrosion structural examination, uses
a representative list of indicators on corrosion only and has condition codes
for the degree of severity. The basic aircraft structure is examined for
corrosion defects together with an assessment of the external areas of
components, both structural and dynamic, for deterioration caused by
corrosion. AACE pertains principally to fuselage structural members that are
replaceable at the depot, but also pertains to dynamic components and
component structures.

(6) Supporting the bearing reclamation program. This includes
esLablishing basic quality assurance and repair/replacement
criteria for bearings with and without finite life
requirements as listed in the applicable aircraft TI and the
specific end-item EMWR.

(7) Performing age exploration analysis in accordance with AMC-P
750-2 on those items identified by the RM logic analysis
where a failure relationship between age and reliability must
be established. In the early stages of an equipment life
cycle, the age-reliability relationship may not be perfectly
understood causing conservative estimates of the frequency of
scheduled maintenance. As operating experiences are gained
this information is used as the basis to perform age
exploration analysis and ultimately used to adjust the time
oeriods for scneduled maintenance as well as to validate the
maintenance program.

2.8 RCM Data Bank

This funczion establishes and mintains AVSC31's R:M data bank. The
perfc..mance of RCM logic analyses as well as otner RCM/ILS tasks requires tne
availability of an extensive and cumulative base of data and informati n.
onse.uently, AVSZ1I compiles data for tnis purpose and maintains a camplete,

user-friendly on-going RM data bank at CCAD. Tne data are continually
refined and updated to include the most recent field experience ,nformation.
ur.ce vaLidated, these data are used to update the part failure factors used as
ne oa asis orC I analnysis and to perform reliability-age exploration
analys-s as part of a sustaining engineering activity. Also key "Jata outputSroducts as well as essential R&M nuerics are derived from tne RKM data oank
including: Mean Time Between Fail'ures 'MTBF); Mean Time To Repair (M7TR); an
Failure Mode, Effects and Criticality Analysis (FMECA) data and data for otner
statistical analyses.

MI3F numerics are derived from the field experience data in tne R-M taa
oanK and used to determine basic part replacement rates. They can als be
directl inputted to logistics analyses and :rade-off studies of alternative
designs. Similarly, MTTR numerics are derivea from the field data and used tc
determine (via the =. process) the number of people required to maintain a
riven number of systems within a specified time period. Maintenance
engineering data allow decisions to be made regarding difficulty of
maintenance (whicn translates into personnel sKill levels), tools and
equi pment required, consumable items used wnile performing maintenance, and
facilities required.
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2.9 ROA Cost Avoidance/Maintenazce Reduction and Acoccp] _ Jiat Reports

This function:
(1) Prepares yearly cost avoidance reports involving savings from

applications of RCM. Cost avoidance reports have calendar
year and accumulative savings (since inception of program).
Yearly cost avoidance reports are required by HQAMC, ATTN:
AMCSM-PM by 1 March.

(2) Documents/assures contractor documentation of all reductions
(in field effort) in maintenance actions, inspections, etc.,
made possible as a direct and specific result of the
application of RCM logic.

(3) Submits an accomplishment report (AMC Form 2460-R) on all
equipment publications reviewed using RCM logic that are
scheduled in accordance with existing AMC guidance (see AMC-R
750-8, Appendix A).



3.0 OVERVIEN OF THE RCM PROGRAM PLAN

The purpose of the RCM program plan is to provide a framework for
facilitating and enhancing the accomplishment of the RCM functions. The
intent is to further implement the RCM process on Army aviation systems and
components in order to:

A. Assure that current Army aviation maintenance tasks mitigate
all prevalent failure modes.

B. Establish additional maintenance requirements, where necessary.
C. Help identify and/or analyze critical parts, including

maintenance significant iatems (MS:) and structurally significant
items.

D. Measure and evaluate failu-e rates and modes.
E. Identify items with potential for improved reliability.

Specii' programs focus on:

(1) The development of improved, cost effective maintenance plans,
methods, work requirements and material management techniques

(2 The application of the ROM decision logic to prioritized aircraft
'3) The collection, reduction and entry of expanded data into the

AVSCYM RCM data bank
(4) The performance of more complete ROM data analysis and the

preparation of camprenensive user reports
5-) The preparation of maintenrance support guidelines annd training

material, the implementation of RM training and tne
establisnment of a more cost-effecz;-ve RiM and integrate
logistic support and) interface.

Tie program plan, as well as oany of tne specific programs, is oriented
toward ennancing the Directorate of Maintenane's capaoility to support n:
AVSY, Systams Managers and CCAD's projected workload for FY 1986-:4. Tne
cezot wor,: load requiremenzs are aefinez Ln "CkD's modernization plan, 14

uu ast i9 . Appendix C, adapted from this plan, provides a brief s-mnary

description of tne new aircraft syst:ms to be maintained at COAL.
The apopication of tne RCM program plan in :he accomplisrment of tne R-M

funztions is illustrated in Figure 31.
F-liowing is a list of specific programs by program area:

A. Maintenance Planning
1. Army Aviation fa1WR ROM Review

. Changre from "Complete" .vernaL to "On-Condition"
inspecoion an: liepair

. 53-Z- L 3B Engine Rebuild
Z. Metnodology

I. Automated Failure Mode, Effects and Criticality
Analysis
Link FMECA/RCM Analysis to ROM Data Bank

3. Update ROM Decision Logic

i1
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4. RCM Training
5. LSA Interface Requirements

F. Data Elements and Utilization
1. Expand Lata

Include:
* Airframe PSA Data
* Transmissions
* Gear Boxes
* Other Components
* Airframe ACE/AACE Data

2. Expand Utilization
Include :
* Failure Rates by Component, Part, Geographical Area
* Failure Modes
* Transmission Reliability Reports
* Gear Box Reliaoility Reports
* Airframe Reliability Reports
* Other Reliability Reports
* Rejection of Serviceable Items
* Flight Safety Parts
* High Cost Items
SHigh Rejection Rate items
* Critical Part/Component Shortage Items
* Early Return C~mponents (reduced TBO)
* Critically Designated Readiness Parts

,i.e., fuselage external stores, armament i-nerface, etc.-
* Age Exploration
* Computer Aided Analysis Routines/Models

. Manageent Sm=ary Reports

?.ese 24 programs 'ave been establisned for tne five year Dericz s art-n,
FY 5_. Each of tnese programs an: tneir timeframes are icte in Figure-
and are identified to program area and number as above. The folio-n-
se:!:_Ons k4.C through 9.3) provide a aes=ripzion of eacn of tne -C%. prograns
and present timelines for their development and application. The indiviua .
program descriptions are keyed t- the program areas and timeframes aepicted in
Figure 3-2.

11



66ora 87 88 89 90 91 92
Area I

-DIMR - DMW~R

A. Xatntenanc,
Plann ng Pilot Program - -3L1BEgnkeil

Logi B-2.~o Linko1 RCY. and FflECA to RCM Uata Bn

B- ACE/A2I improvee Metionologyl
and r-svectn Fquloret

5-6 PAY.S Improvements

B-- AOAP Analv

C-1 Apply RCY. to
Ali -6.

L--- %Pply KCF' To

C -5 rpply RClV ti Ch-? ..

j PP: Z t -8

_ _ _ _: RZ!,

Se.aie Pzsr Liemsrck

14:4;:%;-eqnz E_____ -: Loact uezo: F.

anndu.C

* Tren ,nale~s - Outerselia.t Tranng -

I 
t vs>4ato

igu e 3-2 5 -. asms" Yro~ ----- Pr0a ln



4.0 MAWENCE PLANNNG

Program Area: Maintenance Planning

2rogrm: A-1 Army Aviation DUMWR RCM Review

Description: - To conduct an indepth review of depot maintenance work
requirements '(DMWRs) for RCM implementation and to develop specific
requirements for applying RCM techniques to depot-level maintenance. This
program is to assure that the basic RCM philosophy, in accordance with DARCOM
-R750-9, is incorporated into the DMWRs managed by AVSCO.. The DMWRs are to
be reviewed and revised, as necessary, to include pre-shop analysis (PSA) as
an integral part of the maintenance process. Through PSA tne condition of an
item is determined prior to performing maintenance and used as the basis to
determine only tnose repair or overhaul procedures which are essential to
return the item to a satisfactory serviceable condition. A procedure is to be
prepared for developing RCM/PSA requirements that assures that the inherent
design reliability and safety of the repaired/overhauled items are achieved
with tne performance of the least amount of maintenance and that overhaul is
accomplished on a rational basis. An initial 40 selected DMWRs are to be
reviewed in accordance with this procedure and AEDS are to be generated. Tn

addition, AEDs are to be prepared to imp.ement mobilization requirements
(i.e., to eliminate tne minor repair criteria or to extend the operating hour
ceiling) for these 40C DMWRs. A list of all DIVRs managed by AVSOOM is to be
developed and maintained. 7he D>i.Rs are to be categorized as "on condition"
or a "tme chane" itn, ana a schedule is to be prepared for implementation
of R_-M ana mo..ization guidelines. ne DMvRs are then to be reviewed ant
ADs preoared 4.. accor ance witn the RC7.. DMWR review .roceTure a: the
Derios iden-if...e. .. ti-ic D-d4.. review Imp_.ementation scheiu.Le.

Time Line:

Program .:::yd Y zy 77f 77K 9

" ?reoare RCi< DII:B review
procedure ,see A penazx S.

" Apply proceaire to tritia 7 4 D.MvRS
- Review DMa'7s
- Develop PS.- c-ieria/guidelines
- Prepare AZE's
- Prepare DY., reoor -I

with cost aralvsis

" LTmleament mo--at-n--
rec"uir-ements or" :ne " 0 D! g's J

• Develop/mainar. > 1
control _lis,, scneaule

" Review "all" .UCD. manage _ S i n

D M IRs for R _ O n l o n
" Prepare AEDs for RCA//mooilization J

.1
Notes: i nitial list/schedule

A Completion

2C



Program Area: Maintenance Planning

Program: A-2 T53-L-13B Engine Rebuild

Description: - To plan and implement a program whereby selected engines
coming in for depot level maintenance will be rebuilt to achieve like new
performance. The rebuild program will use replacement parts now being
processed for this program to meet original manufacturing tolerances and
specifications. Performance testing standards will be established for the
"overhauled" engines in order to improve field reliability, extend life and
ultimately improve the field operating intervals. Through this program the
reliability of the engine will be maintained at a high level, its useful life
will be the same as a new engine and there will be a decrease in the cost of
maintaining the engine because of an increase in time between depot returns.
This engine rebuild program is oriented toward extending the life of tne Ui-1
helicopter fleet to the year 2010.

Time Line:

Program Activity FY 88 FY 89 FY 90 FY 91 FY 92

* Prepare program AED A

* Process parts for
rebuild program

* Establish performance/
reliability testing
standards

0 Rebuii engines I-_

Notes: 2 Coordination/review
(2) Rebuild 200 Engines
(3) Continue rebuild progra until al! T53-L- ,3B engines

have cycled tnrough tne depoct

A. Completion



5.0 METHODOLOGY

FraM Area: Methodology

Progam: B-I Automated Failure Mode, Effects and Criticality Analysis

Description: - To prepare a computerized application procedure for
identifying the likely modes of system failure, their effects on the aircraft
and their criticality. This procedure will be developed to allow the FMECA to
be conducted on-line using a remote microcomputer terminal(s). The process
will be structured to have a flexible interface with the ROM data bank. A
data base management system will be selected and tailored to meet AVSCOM's
needs that offers complete record management, work processing, forms entry,
data processing, report generation, conversion utilities, disk utilities, and
a high-level prograrmming language combined within a single architecture. Data

resulting from application of the automated FMECA will be used as direct input
to the RCM decision logic analysis to determine the optimum combination of
maintenance tasks including hard-time, on-condition and condition monitoring
or if redesign is needed in order to prevent a failure mode. An automated
FAECA will allow current and future RCM application objectives (see programs
C-I through C-5) to be met quickly and efficiently.

Time Line:

Program Activity FY 86 FY 9 FY 90 FY 91 FY 92

e Fefne/engineer
tne p4EA process

* Prepare computerized

proceures and associate
soC f ar e

o D- _eonstrate one
computer-aided process
on a selected aircraft
system

* Prepare user A_____

nandboop

.ites: Ii) ?repare draft nandbcoi:

'2) Review, revise as ne.essary

A 2ompletion



Program Area: Methodology

Progm: B-2 Link FMECA/RCM Analysis to RCM Data Bank

Description: - To structure the FMECA/RCM process to have a direct interface
with the RCM data bank. This will provide AVSCO1M with the means for the rapid
development of a uniform and complete RCM-based maintenance program using data
on-line from the RCM data bank. The long term objective is to develop the
process such that ultimately it will include direct coupling into a yet to be
developed fully computerized integrated logistics support (ILS) system.
Direct linkage to the RCM data bank will speed up the process of performing
FMECA and applying the RCM decision logic process to aircraft systems and
components. It will reduce cost, enhance the uniformity of treatment and
provide a well organized, readily accessible data and procedural audit trail.

Time Line:

Program Activity FY 88 FY 89 'Y 90 FY 91 FY 92

* Procure hardware

L Prepare computerized _
procedures

SDe-nonstrate/validate
process

a Prepare user (I) (2)

nandoook

es: 'I) Prepare draft handbooK
(2) Review, revise as necessary

A Completion

I:



Program Area: Methodology

Program: B-3 Update RCM Decision Logic

Description: - To update AVSCOM's coaputer-aided RCM decision logic (see
Appendix A) to reflect the decision logic questions, criteria and data
requirements of AMC-P 750-2. This pamphlet covers the method and procedures
for performing RCM and is to be used with MIL-STD-1388-2A for developmental
systems or by itsElf for fielded systems. The logic process presented in the
pamphlet is based upon the premise that maintenance cannot improve upon the
safety or reliability inherent in the design of a hardware system. Good
maintenance can only preserve these characteristics. It dictates that
maintenance shall be performed on critical components when it will prevent a
decrease in reliability and/or deterioration of safety to unacceptable levels
or when it will reduce life-cycle cost; maintenance shall not be performed on
noncritical components unless it will reduce life-cycle cost. The computer-
aided ROM decision logic system will be demonstrated on a selected aircraft
system and, if approved, applied to the selected/prioritized aircrafts under
programs C-I through C-5.

Time Line:
Program Activity 7Y 88 FY 891 92

* Review AMC-P 750-2

* ?repare updated RZ>1
cornuter: zed Dr ocedur esA
and associatec
software

* D_monstrate RZA on a
selected aircraft system

" ,rea-ae ucated
user nandbooK

Notes: ) AVSCOA approval

(12 ?repare draft nandbook
(3 Review, revise as necessary

A -ompIezion

'3-



Progam Aea:Methodology

Prg-m B-4 ACE/AACE Improved Methodology and inspection Equipment

Descipton:-To increase the efficiency, technology, and accuracy of the
methodologies and inspection equipment used in the ACE/AACE programs.
ACE/A.ACE as part of AVSCOt4's 0CM program (in accordance with AR 750-7) iS

performed annually on all first line/mission essential Army aircraft worldwrite
to identify those that are in the greatest need of depot maintenance. A C Z
encompasses the structural integrity of the aircraft in areas such as the Main
lift beam, the nose fuselage skin and the upper bulknead; the AACE is an
examination of : Ine external areas of the aircraft and its components, both-
structural and dynamic, for det~erioration caused by corrosion. Record keeping
and tne a: ato.an-- analysis of data are accomplisned by a=utomateJ means.
Ie portaole automated bonaed noneycomb structure i"nspection equipmn r
used by tne A.EJ/,AZE team to improve the efficiency and accuracy of the
on-site evaluations.

This program places emphasis on data/trend analysis and improved feedbacK
of aeficiency information to the AVSCOM Directorate of :Engineering and to tne
operating units to more reaaly identify maintenance problems for timely
resolution anid on using AACE data to correct corrosion problems at. AVUN, AV-1X
and the depot. 7t includes aevelopment of an improved threshold methodology
ana manemaical,'sati4stical formulae that combines tne ACE/ACE indices into-
a single index Dase:z on application of experimental design and statist-ca_
process cont rol :ecn?)es Aiso ne ; or ungraaez atagnostic eq.mn
and on-snote nsoecolon Lecnniaues will o acquire.: or developed to) furtner
imo)rove tne effioi*:encvan accuracy tf the on-sit e evaluations. This

:::uce :pron ne oonz inspection equinpment to =prove it s acuayan:
safety anc ae;le.~n aZevi ce to measure tnie deo;tr of cc.rrcsion.

Time Line:

_nsoe:ctoozne

NDtes: I oz ns:pect or, eouicmen7t



Program Area: Methodology

Pra: B-5 Life Extension/Prediction Methodology Development/Application

Description: - To develop experimental and analytical methods for predicting
the remaining safe and useful life of aviaticn components. This includes
evaluating the techniques used to measure the amount of degradation caused by
various material degradation mechanisms, i.e., fatigue, creep, creep/fatigue,
corrosion, stress corrosion, erosion, corrosion fatigue, and thermal
embrittlement. It includes evaluating nondestructive and destructive
measurement techniques including metallographic replication and testing of
miniature specimens. It also includes evaluating analytical procedures used
to model and estimate damage accumulation and remaining life which integrate
the materials properties, component configurations, and operating parameters.
Those techniques considered most applicable will be used as the basis to
develop/tailor individual aviation component life extension models. The
component life extension models will then be incorporated into a complete
overall methodology that meets the needs of AVSCQ4I and reflects consideration
of both the economic benefits and tne safety concerns that impact replace or
repair decisions. The methodology once approved will be implemented by DERSO
to estaolisn specific criteria for assessing remaining life. Applicacle
criteria will be incorporated into FSA, C-FD, PEEM and breakout programs.

Time Line:

Program Activity FY 88 FY 89 FY 90 fFY 9 FY 92

SPrepare life extension
or graom plan

* nveszigate tcnqe
or life extension

&zjiction

S eiec t components
for life exzens:on

* Develop/taiLor life
e.,:tension model for
each comoonent

" 73r-ulate life
e:'ension me hodology

* -':enent lieextensionr
meno 'loymoce~s-

in :ezot maintenance

ant breakout)

_ _ _ _ _ _ _ I _
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Program Area: Methodology

Program: B-6 PAMS Improvements

Description' - To improve the predictive aircraft maintenance system (PAMS)
ability to identify system performance degradation early enough to safely
terminate flight and/or effect repairs. The overall objectives of the PAMS
(as part of the RCM condition monitoring function) are to: (1) predict
immiinent failure in sufficient time to allow a safe landing, (2) predict
impending failure in time to acquire parts and schedule repairs, (3) use
expert systems to enhance troubleshooting, (4) make it operable at AVUM and
(5) provide fleet wide component trend data, on-board fault annunciation &
prioritization and automated logbooks/historical records.

This program includes developing a portable engine analyzer test set
(PEATS). PEATS is an instrumentation package wnicn can be installed on
helicopters without permanent changes in the aircraft configuration. i
provides referred engine performance diagnostic data for improving operational
reliability through early problem identification and repair which reduces
inflight problems and increase flight safety. The diagnostic data obtainec
on each aircraft prior to phase inspection will identify nidden problems for
correction during scheduled down-time. Also, the discovery of hicner
deterioration in its early stages allows repair before secondary damage occurs
on other related parts which lowers the life-cycle cost of maintaining an
aircraft.

Current plans also call for developing an improved on-board diagnostic,
prognostics and flignt data recoraer systeam and oetter interface procedures
and data transfer hardware for automated prediction, troubleshooting and a'a
recording.

Time Line:

Program Ativi-ty FY 80 FY 91 FY 2

* Develop PEATS -- ______ A

* Develop improved
fligt cata recorderI -

s V s t am

data recorcing 4k
ana ana-s: s
methbocs

A cmpietion

" ' 5e nVmaum nmn0 rn'r ---



Program Area: Methodology

Program; B-7 AOAP Analysis

Description: - To prepare plans, investigate and establish improved
procedures and techniques and identify candidates for the Army oil analysis
program (AOAP). This includes establishing procedures for implementing
required ferrographic tests, investigating portable wear metal techniques and
determining the feasibility of optimizing the oil sampling intervals.

Time Line:

Program Activity FY 88 FY 89 FY 90 FY 91 FY 92

implement required ___

ferrographic tests

7 nvestigate portable

wear metal techniques

* Opi ze sampling
.n Cpeivals

AL Completion
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6.0 na APPLICATION

Program Area: RCM Application

Prorm: C-I Apply RCM to AH-64

Description: - To develop maintenance and logistic requirements by applying
the RCM process to the AH-64 aircraft using data from the RCM data bank. This
includes reviewing and/or performing FMECA; applying the updated RC4 decision
logic (Program B-3) to determine the optimmn maintenance tasks; implementing
the RCM decisions by defining specific task requirements, developing logistics
data, defining phase maintenance programs and identifying appropriate
maintenance task frequencies/intervals; and preparing maintenance plans that
integrates the RCM tasks and ILS requireents into a complete, cost-effective
maintenance program. This involves applying the computer-aiced process
developed under program B-I to identify safety critical parts and to develop
part failure mode criticality data.

Time Line:

Program Activity FY 88 FY 89 FY 90 FY 91 FY 92

e Perform F1ECA

* Apply RCM decision -
loglc to icentify:

-iar,. i-tm I
- 3n-condiion I
- Condizion Monitoring I

man_.enance rezu4_r_=nents

Implemnent ROM ciecisions ( 2

by defining:
- M task recuir-eni"s
- 2SAR "B" Sneet data
- Phase maintenance I

programs
- ask frequencies/

intervals

*Preoare maintenance
plans (integrating
M tass and supoort
recuir- nents into
=he 1-3 plan)

Notes: (i) Review decision logic data and rationale, revise as a2:iciace
(2) Review maintenance and '3AR data, revise as apolicaoie
)Uodate maintenance plans using actual reliability-age

experience data
A Completion

..



Prram Area: RCM Application

Program: C-2 Apply RCM to UrH-60

Description: - To develop maintenance and logistic requirements by applying
the RCM process to the UH-60 aircraft using data from the RCM data bank.. This
includes reviewing and/or performing FMECA; applying the updated RCM decision
logic (Program B-3) to determine the optimum maintenance tasks; implementing
the RCM decisions by defining specific task requirements, developing logistics
data, defining phase maintenance programs and identifying appropriate
maintenance task frequencies/intervals; and preparing maintenance plans that
integrates the RCM tasks a:id ILS requirements into a complete, cost-effective
maintenance program. This involves applying the computer-aided process
developed under program B-1 to identify safety critical parts and to develop
part failure mode criticality data.

Time Line:

Program Activity FY 88 FY 89 FY 90 FY 91 FY 92

" Perform F4ECA •

* Apply RCM decision
logic to identify:

- Hardtrne
- Dn-conaition
- Conaition Monitoring
I3.ntenance rez.airements

" Implement R o. 0eci.sions 2)
oy aeflr2ng:

- A tas requirements
- LSAR "E" Sneet aata I
- Phase maintenance

programs
- TasK frequencies/

intervals I

" Prepare maintenance (3
plans (inteara,4ing -A

M tasKs ano support
requirements int o the
-3 plan)

s 1) Review decision Io~ic oaza and rationale, revise as applicable
2) Review maintenance and LSAR data, rev:se as a::-lcaoe

U.Uate maintenance plans using actual reliability-age
experience data

A Completion

-'V



Progri Area: RCM Application

P m: C-3 Apply RCM to CH-47D

Description: - To develop maiptenance and logistic requirements by applying
the RCM process to the CH-47D aircraft using data from the RCM data bank.
This includes reviewing and/or performing FMECA; applying the updated RCM
decision logic (Program B-3) to determine the optimum maintenance tasks;
implementing the RCM decisions by defining specific task requirements,
developing logistics data, defining phase maintenance programs and identifying
appropriate maintenance task frequencies/intervals; and preparing maintenance
plans tnat integrates the RCM tasks and ILS requirements into a complete,
cost-effective maintenance program. This involves applying the computer-aided
process deveiopen under program B-I to identify safety critical parts and to
develop part failire mode criticality data.

Time Line:

Program Activity FY 88 FY 89 FY 90 FY 91 FY 92

* Perform FMECA

o Apply RCM decision .(I)
logic to identify:

- Hardti.me
- On-conaiti cn

- ondition Monitoring
ma..tenance rezuirnents I

* _ _nemn ., • In . 2
D-, def in in;:

- A task rez.:rnnts
- -AR "Elf S:Ieet data
- Phase mairntenance

progra s
- Task frequencies/

interva..s

* P.repare maintenance _3)
plans (integrating
M tasics and suoport
rer,: nents into the
1-3 plan)

tes: K ") Review aecision logic data ano rationale, revise as applicaole
2 R ?eview maintenance and LSAR data, revise as ac.licaole
K3) Upate maintenance p:lans using actual reliaoility-age

exerlence data

A Completioni
I
5



Program Area: RCM Application

Priam: C-4 Apply RCM to CH-58D

Description: - To develop maintenance and logistic requirements by applying
the RCM process to the CH-58D aircraft using data from the RCM data bank.
This includes reviewing and/or performing FMECA; applying the updated RCM
decision logic (Program B-3) to determine the optimum maintenance tasks;
implementing the RCH decisions by defining specific task requirements,
developing logistics data, defining phase maintenance programs and identifying
appropriate maintenance task frequencies/intervals; and preparing maintenance
plans that integrates the RCM tasks and ILS requirements into a complete,
cost-effective maintenance program. This involves applying the camputer-aidea
process developed under program B-I to identify safety critical parts and to
develop part failure mode criticality cata.

Time Line:

Program Activity FY 88 FY 89 7Y 90 FY 91 FY 92

" Perform FMECA

" Apply RCM decision
logic to identify:

- Hardtime
- On-condition
- Condizion '.:nitring

maintenance reo-ar ements

" lmolpe ment R! V oezisions '2)
oy defining:

- M task reairenets
- L3AP "B" ' Seet data
- Pha3e maintenance

programs
- Task frequencies/

intervals
p

* Prepare maintenance
plans (integrating
M tasks and suono t
requirements into tne
iLS plan)

Notes: (1) Review decision lozic data an- rationale, revise as aoiio:1e
'2) Review maintenance and LSAR nata, evtse as applizable
(3) Update nantenance plans using actual reliaoil:ty-age

experience data

A Completion
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Program Area: RCM Application

Pgm: C-5 Apply RCM to LHX

Description: - To develop maintenance and logistic requirements by applying
the RCM process to the LHX aircraft using data from the RCM data bank. This
includes reviewing and/or performing FMECA; applying the updated RCM decision
logic (Program B-3) to determine the optimum maintenance tasks; implementing
the RCM decisions by defining specific task requirements, developing logistics
data, defining phase maintenance programs and identifying appropriate
maintenance task frequencies/intervals; and preparing maintenance plans that
integrates the RCM tasks and ILS requirements into a complete, cost-effective
maintneance program. This involves applying the computer-aided process
developed under program B-I to identify safety critical parts and to develop
part failure mode criticality data.

Time Line:

Program Activity FY 88 FY 89 FY 90 FY 91 FY 92

" Perform FMECA A

" Apply RCM decision (I)
logic to identify:

- Hardtime
- Dn-cona ion
- Condition Monitoring

mantenance rea;ir-_nents

" :-P-ament RZM deci sions
oy ieininz:

- A tasK reir=,_:nts
- 3SAR "2" Sneet data
- Phase maintenance

programs
- Task f-equencies/

intervals

* Prepare maintenance Y 3
plans (integrating
M tas cs and supoort
requir-_nents into the
-L plan)

Nocas: (1) Review decision :gic ataa and rationale, revise as applica31
(2) Review maintenance and LSAR Zaza, rev se as applicacle
(3) Upate maintenance plans using actual reliability-age

experience data

ACompletion

33



7.-0 MATERIAL MANAEMENT

Program Area: Material Managemn't

Progam:D-1 Corrosion Control: Program Support

Description: - To prevent and control corrosion in Army aircraft. This
includes assessing the extent of corrosion and its cost, investigating
corrosion detection and prevention techniques, formulating specific
recommendat ions to prevent or reduce corrosion in new and fielded Army
aircraft, and establishing a life-cycle Army aircraft corrosion control
system. It also includes preparing AVSCCM engineering directives (AEDs)
and/or appropriate oublication change forms for revising applicable tecnnical
manuaIs 'T~s , aeot maintenance work reza-irements (Y4Ws) and otner haraware
requirement docuLnentation to effect approved reca~mendations.

The corros'ion control system is to emphasize early detection and
correction as well as data/trend analysis and timely feedback of deficiency
information. Prime data sources that are to be investigated during this
efforti and incorporated into the corros;.on control system include coonent
and airframe cpre-s-oop analysis (PSPA), airframe condo-tion evaluation (AkCE),
aircraft analytical corrosion evaluation kACE), AVSCOM engineering calls
(AE--'s) , equipment improvement recommrnndazions (Esquality deficiency
reports (Dsand other pertinent exoeri.ence data. A com-orehensive
evaluation process is to be developed and use,.- to output the most recent
corrosion -,ritical items. The orocess i.s tc take o.nto account the type and
stage of corrosion in an i tem in lignt of its structural function and
criticali-tv. The corrosion control systen-, 'anc tata o anzc is to be appliec on
selectea rc-r aft to: -aentlfy the most sog,:ni-ficant corrosion problems and to
aevei-o- soec -a- -eoair proced-ures, spec--: wear limo-ts, prepare --Zs ano PI-Ps
an-- otner acti.ons to correct t.ne prbes ne syst-em, once fu~ly aevel oped,
an: vz ,-- : n s effort, will oe stricturea to int er: ace %wttr tr-ie K",
ziat3 ban.: an: tne. ap:cLe: on ar n-gI . )ast-s t, t--e cD-molete Army arrf

Timie Line:

Program Actovi;-ty FY 58 J_ T 9 '9 Y91 JY;

" Assess magnit-ude ofr
corrosion proolem

" Review corrosion detection' A___

orevention tecnn -auesI
" __el- cr oeria/gauidel in cc

" Develoc co-rosi-or contro-l
system inc-ud-.ng data baniu
ant its lnterface -,rtn tne
K7.1 oat3 ban,, o- jn

" Apply corrosion cont:rol system _____j_______________

~oe: )A73C2' acoroval A Comoie: on



Progrim Area: Material Management

Program: D-2 Serialized Parts Life Tracking System (SPLTS)

Description: - To obtain serialized piece part traceability and analysis in
the RCM data bank in combination with the depot automated shop floor sy3tem.
SPLTS will determine exact operating times on parts at time of failure or
reject. This -information will be used along with the number (and causes) of
failure to determine basic part failure rates (age exploration). These
failure rates can be compared to the failure rates in the LSAR B sheets. Any
discrepancy between the two rates can then be evaluated by further RCM
analysis and the preventive maintenance program adjusted accordingly (i.e.,
change inspection intervals, add additional maintenance tasKs, etc.). Also
any failures not anticipated can be addressed and a preventive maintenance
process estaolisned to prevent it. Initially SPLTS is Deing ttplemented to
establish a data base for T700 engine cycle-limited ant other parts. It will
then be transitioned to track T53-L-13B rebuilt engine parts integrity,expand aiioed to track a53
expanded to cover all engines, and eventually extended to parts of other
comoonents.

Time Line:

Program Activity FY 88 F.Y 89 7Y 90 FY 91 FY 92

SEstablish T700 SPT S

-cata Dase

* Tansition S?23
software to traK A

engine parts irtegrit

" Incorporate serial
n--Loers into in-place
depot automateJ shop
floor syster

" Expand ?7 to cover
all engines

* Extend SPZ75 to other A

components

A -omnpletion

_I



8.0 MAINTEAfNCE SUPPORT GUDES, TRAND AND ILS NWRFACE

Program Area: Maintenance Support Guides

Prrm: E-1 Update Depot Maintenance Handbook

Description: - To assure the adequacy of the criteria and guidelines currently
incorporated in the depot maintenance handbook and to provide additional
criteria and guidelines as necessary. The depot maintenance handbook will be
updated to reflect data and criteria developed from the K44R review on the
forty (40) items conducted as part of program A-I, to include furtner details
pertaining to the maintenance and overhaul operations at CCAD and to expand
the guidelines on the repair of wear or damage, such as snall cracks, cuts ant
otner di-crepancies, on gears, bearings, cables, hoses, valves, clamps,
connectors and other comon aircraft parts and on their restoration to "as
new" condition.

Time Line:

Program Activity ?Y 88 -Y 8r FY 93 7V FY 9C

* Evaluate DW4R
review data and

* Develop .maintenance _

* Prepare updat.edJ depot
77.a:n-enance 'nandbook

I4o~es: ( ) Prepare draft handboo
(2) AVS'DM approval
(3) Review, revise as necessary
A Completion

36

-L .,,m,, ~



I
rogram Area: Maintenance Support Guides

oram- E-2 Update ACE/AACE Handbook

Description: - To assure the adequacy of the criteria and guidelines currently
incorporated in the existing ACE/AACE handbook series. The guidebook series
will be reformated and organized into a single, concise reference document
incorporating the latest indicator descriptions, additional criteria and more
detailed application guidelines. The ACE/AACE handbook will also be updated
to reflect the latest inspection methods and analysis techniques and in
particular the statistical procedure for determining candidates for overhaul
wnen using a ccnbined ACE/AACE profiling process.

Time Line:

Program Activity FY 88 FY 89 FY 90 FY 91 FY 92

* Review improved AC/AACE
tnreshold methodology
( developed under
Program B-4)

* Develop guidelines

* Prepare updated A

nanZ'ook series 1) (3)

Prepare oraf; handbook
) AV3CM a.Prval

(3) Review, revise as ne2essary
A Coletion

I

I
!



Prram Area: Maintenance Planning

_tgam: E-3 Update ACE/AACE Pamphlets

Description: - To update the ACE/AACE pamphlets (series 750-1 and 2) to
include a description of the latest indicators identified by part number with
detailed photographs and to update the worksheets for each aircraft. These
pamphlets cont ain the information required to acceptably perform the data-
collection phase of the ACE/AACE. This information covers: (1) general
information including purpose and scope of the ACE/AACE program, applicable
maintenance forms and records, etc.; (2) detailed technical requirements and
in particular the specific indicators for each aircraft and the procedures for
collecting the ACE/AACE data based on the indicators; and (3) reporting
requirements. The computer codes used to facilitate the field data collection
are included in the appendices.

Time Line:

Program Activity FY 88 FY 89 FY 90 FY 91 FY 92

* Identify the latest
ACE/AACE indicators

e Prepare indicator
descriptiors (including
photograpns)

* Update worKsnee7s for
eacn of tne 11 aircraft

e UJptzte tne AS2:I 753-1
and 2 series I (1 (3

* ?repare new training
material based on tne
revz.sed patpr.lets

Notes: (I)Draft pamphle-t chancres
(2) AVSCYM approval

(3) Review, revise as necessary

A Completion

3



Program Area: Maintenance Planning

gran: E-4 RCM Training

Description: - To develop, organize, and implement a comprehensive RCM
training program. The training program is to provide the necessary
engineering skills and knowledge required to plan and implement RCM for
aircraft systems and components. The training program will cover FMECA, RCM
decision logic analysis, maintenance task specification, age exploration and
maintenance planning in accordance with the RCM/ILS process. In addition the
program will include specific training for effective use of trends and
patterns identification methods and other standardized procedures by pre-shop
analysis (PSA) personnel.

Time Line:

Program Activity FY 88 FY 39 FY 90 FY 91 FY 92

e Attend RCM train-
ing courses and
s = .inars

e Prepare ROM training
materials/scnedule
- instructional

materia's
- raining devices;
aids

- inscructor
requirements
otner specifies,

i-e.,noDer of
: ourses, auration,
.size ant sz neau' ing

* Investigate ana
establish appro ra..e

.rens and patterns PSA
iaentification
tecnniques

e Manage/implem-ent
overall training
program

Conpeion

I
I



Program Area: Maintenance Planning

Program: E-5 LSA Interface Requirements

Description: - To establish a more effective RCM and ILS interface. RCM
analysis data are major inputs to the ILS process and appear on the LSAR "B"
sheet along with reliability and maintainability (R&M) data. "B" sheet data
provide the basis for preparing the other MIL-STD-1388 LSAR worksheets used
to establish support resource requirements. The end result of the complete
RCM/ILS process is the compilation of a Provisioning Master Record (PAR) from
which procurement requirements of support items are derived. This program is
to investigate this overall RCM/ILS process and to develop specific procedures
to facilitate application of the RCM analyses within the process The
procecures will reflect tne CO...te RCM-<riven ILS process as aefined by ANC
-P750-2 and A4IZ-STD-1338 and as implemented at AVSCOM. They will
incorporate: (1) tne use of R&M prediction and FMECA data during development
as input to the RCM logic analysis and (2) the use of reliability-age
experience data derived from the RCM data bank at CCAD as part of a sustaining
engineering effort to optimize tne process during deployment.

Time Line:

Program Activity 7Y 58 FY 89 F'Y 93 FY 91 FY 92

* Review ANO-P75&-2
an- <-S- --

r eative to A.y
arcraft neeas

*Deve'O: 'i
owcnrt ana

crIteria) keyed to
RC' functions, input/
output aata czints,
interface reir ts
and management oecision
poi.nts

* Prepare R0M/S (2

nzerface r' ' ce::ures
in accordance with (3

the flowchart and
criteria

Notes: Draft procetires
1) AV3C ,. aporoval

23) Review, revise as necessary
• Cnpletion



9.0 DATA ELEKWS AND uL TIOm

Program Area: F-I Expand Data

Description: - To expand the RCM data bank by incorporating data from the
serialized part life tracking system for the T700 engine and UH-60/AH-64
airframe, the automated airframe logbooK, the upgraded RCA data base
management system, the ACE/AACE, CFD, PEM, breakout and other programs as
well as expanded component repair data, i.e., PSA data from the depot and
depot level reoair data from the field, commercial/contracted overhaul
facilities and CONUS, OCONUS and AVCRADS overnaul facilities. Once these data
have been validated, codified, and analyzed, they will be entered into the RCM
data bank to generate reports, compute composite failure factors, suppor:
special projects, support determination of maintenance reqi renents for F3Ps,
determine component reliability-age characteristics and resulting scneduiec
maintenance changes and to provide direct data for spare part provisioning
and/or to revise applicable LSA recoras as part of a sustaining engineering
activity in accordance with AMC-P750-2. Automatic data readout and direct PSA
data entry tecnniques will be investirated and developed/ mplemented, wnere
applicable.

Time Line:

Program Activity FY 88 KY ;9 .Y 90 91 Y 92

" 5e-in transmlssion A OnGoi {
" Eegin airfr ame ? A 0 n Go Ig

ta'.L inpj': -

" Segin gear -zx PSA _ _O_-Going
c aa inputI I

0 Beg-in other =-On-Goin
P3A aata in.p-.. - "

" h a e n d a t a i n p ,t f r omA n - o I

otner sources
rp rograms 'A--IAA.7, etc.)

- field (aepo level repair)
- ccanerical overhaul

facilities
- CYNU3, CCOMU3, AVCRA 6

overnaul facilities

" ntegrate 3?L3 (and -

operating t:-mes)

" Develop/impiemenz automated
data readout.'entry

A omple;on "initial Data)

iI, . / • • ls i



Program Area: Data Elements and Utilization

F-2 Expand Utilization

Description: - To expand the utilization of the RCM data elements from the
RCM data bank. This includes developing procedures for failure data analysis
(to components) based on the application of statistical analysis techniques
and computerizing the data reduction and analysis process. Also as part of
this program Tri-Service exchange of the outputs of the data bank will be
established. Data output products will be designed and implemented to meet
user needs including reliability analysis, variability analysis, PIP/EC?/MDD
analysis, logistics analysis, depot activity support, exhibit tracking, RCM
program effectivity analysis, reliability-age exploration, and FSP tracking
and critical characteristic identification, control and feedbacK. Empreas1s
will be placed on providing part failure rates, FAEZA and reiiaoility-age
exploration output data in support of tne RCM/ILS rocess.

Time Line:

Program Activity FY 88 FY 89 FY 90 FY 91 FY 92

* Establish improved
data reauction and
analysis procedures

* Define/implement
user oriented data
output products
e.g., part fai!-re

rates, PNECA
and reliability-age
exploration data
outouts for input
to tne BOM/ILS
process)

P Prepare camputerized
data output procedures A
and associated hardware

II
• Donstrate/validate I

data reduction/analyss
process

SPrezare user handbook:

* Eszablisn Tri-Service On- I,-_
Data Exchange

Notes: (1) Draft
(2) AVSSOV. approval
(3) Final
A Cmomletion



Progra Area: Data Elements and Utilization

Po m: F-3 Management Summary Reports

Description: - To publish analyzed RCM data sunnary reports at designated
intervals to effect essential management visibility and control of the RCM
program. Data and information provided in the data output products prepared
under Program F-2 will be reduced, summarized and organized by aircraft and
major components and submitted to system/program managers, AMC, AVSCOM
directors, field units and depot organizations. Economic analyses will be
performea to determine the cost effectiveness of major RCM program functions
and resulting cost benefit data will be included in the summary reports.

Time Line:

Program Activity F FY 89 FY 90 FY 91 FY 92

* Determine scope/ On-Goin

* frpat r On-Goin

r epor /r ev Jew

* Prepare/auomi_ On-gcin

reporcs at
a esinae jntervalsI

A Cop:ezion



I
APPENDIX A

THE AHRY AIRCRAFT COMPUTER-AIDED RC4 DECISION LOGIC PROCESS

A.1 INITRODUCTION

This appendix describes a computer-aided decision logic process
developed by AVSCOM to facilitate the rapid development of uniform, complete
and cost effective RCM based maintenance program from standard, readily
available input sources. In addition, this computer-aided process provides:

(1) A well organized, readily accessable document and procedural
audit trail.

(2) Automated compilation of output data in real time.
(3) A compatible, computerized interface with logistic support

analysis records (LSAR) for eventual overall integration
within a computerized IlS sytem.

The system was developed based on the MSG-3 decision logic tailored for
Army aircraft systems and components. It uses a standard, well supported
microcomputer (3aM PC/C)7 and an existing, mature, reliable and comprehensive
catabase management system.

As experience is gained through application of the process, high quality
maintenance plans will he developed in less time and at lower cost. A
maintenance history will be provided for each aircraft system or component
tnat can be correlated with specific parts and their failure modes and
oriticalities. The process will assure that all maintenance significant parts
and tneir failure modes and criticality are consiaered in the development of
maintenance rezuirements and tnat the level and content of tne requirements
Mare Ssial .speci-f_-ea_.

Ine ROM process uses the ME.AFILE software aevelopment system. Z TAF-E
offers record management, word processing, forms entry, data processin.,
report generation, conversion utilities, disk utilities, and a ._c-n _eit ve
Drograaing language combined within a single arnitecture. his wice scoce
alows the varied neezs of the ROM process to be met quickly and effzcient -.

Tne record nanagement facilities allow complex zata structures o.o De
defined and implementea and external files to be created, updated, ant sorted.
Within the ROM process, these features are uset extensively to store part
numbers, criticality data, failure modes, and identification nLnbers, as well
as to record tne ROM path tnrougn the decision Logic and produce toe set of
applicable maintenance tasks. Closely associated "ith the record mana-emen
facilities are the word processing and data processing systems. Toe wcrt
processing system allows RCM logic data to oe created, changed, formatted, and
printed on paper. It also allows generation of .C.M crit-icality graps =nd
system fault trees. The data processing system allows calculations to be made
on-line and it supports toe introduction of hM data anallysis
reliaility-age exploration analysis for eventual integration into the ?I
process.

ihe report generation and form entry features'enhance program input and
output oy providing extensive visual text formatting facilities. 7ne
conversion and disk utilities interact with toe microcomputer at tne system
level. It allows foreign files to be transferred to the microcomputer from a
data storage system and converted to the RCM data base management format. The
disk software provides system like features such as file transfer, file copy,
and file erase. These facilities will become invaluable wnen the RCM lozic



process is linked to an external system and eventually to the RCM data bank.
The procedure development environment supports all essential ftatures of

a sequential programming language, as well as allows programmed access to
other system utilities. Syntax for the IF, ELSE, FOR, WHILE, and WHERE
clauses are supported. The RCM decision logic is implemented using this
procedural language.

A. 2 TIE RCM DFCISION LOGIC DIAGRAM

RCM is a proven technique for defining repair and maintenance actions for
large and difficult to manage systems. Its primary function is to narrow the
focus of the engineer by allowing effort to be concentrated on specific parts
and failure modes witnin the context of an entire aircraft system or major
component. Al! work specifications are made by the engineer and recorded in
the program data adc for future reference. Implementazion of tne process
requires a working familiarity with the RCM process, the aircraft system or
component and the Army's maintenance program.

The Army aircraft RCM logic diagram (see Figures A-I tnru A-5) is
desJgneJ to lead, through tne -answering of a series of questions, to the most
effective preventive maintenance task combinations. Simple "yes" or ' n'
answer the questions and are entered into tne computer.

The decision logic is applied to critical failure modes for each
maintenance significant item. Each identified failure mode is processed
through the logic so that a judgment will be made as to tne necessity of a
task. The resultant tasks and intervals will form tne total scnedulec
maintenance program.

The decision logic nas two levels:
The first level (questions 1, and requires

evaluation of each FALURE MME for jeterinazi:n of the
consequence category; i.e., safety (evident', econo.ic
(operational), economic (non-operational), safety (rioden) or
non safety/economic.

The seconj level (questions 5 -arough 26) then takes the
FAILURE CAUSES for each failure mode into account for
sele!:ing the specific type Of tasKs). Reardless of tne
answer to the questions regarding serv ic ing, the next task
selection question must b; asked in ali cases. knen followinZ
the safety effects (hidden or evident) paths, al' subsequent
questions must be aske. :n toe otner patns, subsequent to
the first question, a "YES" answer will allow exiting the
logic. At the user's option, advancement to subsequent
questions after a "YES" answer is derived is aLlowable, but
only until the cost of the task is equal to toe cost of tne
failure prevented.

Default logic is ref"leced in patns outside the safety effects areas by
the arranZ.-nent of the task.: seection iocc. I the absence of aceuate
information to answer "YE-3" or"NO" to questions n the seznd level, defaul-
logic dictates that a "NO" answer De given and tne subsequent cuestion be
asked. As "NO" answers are generated, the only choice available is the next
question, which in most cases provites a more conservative, stringent anaoor
costly route.

The logic procedure requires consideration of the failures, failure
causes, and the appicabiity/effectiveness of each tasK. Each identifie
failue processed through the first level logic will be directed into one of



the five consequence categories. There are four first level questions.

Question 1:_ Can operating crew detect failures?

This question asks if the operating crew will be aw.are of
the loss (failure) of the function during performance of tneir
normal operating duties. The intent is to segregate the evident
and hidden functional failutres.

A "YES" answer indicates the fai.Lre is evident; proceed to
question 2.

A "NO" answer indicates the failure is hidden; proceed to
question 3.

Normal operating duties include:
a) Preflight check
b) Monitoring of cockpit and/or cabin instr,-entation.
c) Recognition of potential failures through the use of

normal pnysica. senses (e.g., odor, noise, vibration,
temperature, visual observation, changes in physical
input force requirements, etc.).

For tne failure to be evident by the operatinE crew the
fLZ lo w-ingZ criteria applies:

1I) Reduced resistance to failure must be detectable
and tne rate of reduction in failure resistance
must be pred ic table. Indicators that anLnunciate
failures at the time of occ.irrence are not-
appl icable.

'2) For saf'ety considerations the monitoring must be
part of toe non-,27 dtie of tne operating crew
a:nd reduce tae risk of failu1 re to assure safe

-Dr econom~c zorns-aerations toe m:otto;rins must :)e
c)art o)f to-oc itiues of .h ;r-:iSzew.

.. uet *r Doez toe fail _re :,r se:cnary failure) cause
a mission arort- of flight safety incident?

ror a "YES" answer the failure must have a cirect
atverse effect and toe falure must acnieve its effect by

te" not in comonation with other functional failu, res
(i.e., no retdundacy. ex-ists and it is a primary i tem).
DOe-ation is defined as toe time interval from toe mment
toe ai;rcraf: first moves under its onpower for too2 purpose

of flignt unL-141 toe moment it comes to rest at. toe next
ocint of landing.

A "1YES" answ;er to tnis question idctsta
maintenance tasks must be z~eve' - pe in accor-tanc t3 toe
safety consequence category and that tasl: ^devel~oment_ must
proceed in accordance to questions 5 thr'u IC.

A "1N3' answePr indicates the effect is purely economcc-
and question 4 must De asked.



Question 3: Does the hidden failure alone or the combination of a hidden
failure and one additional failure of a system related or
back-up function cause a mission abort or flight safety
incident?

The question takes into account failures in
which the loss of the one hidden function (whose
failure is unnown to the operating crew) alone does
not affect mission or flight safety; however, in
combination with an additional functional failure
(system related or intende- to serve as a back-up)
has an adverse effect or. mission or flight safety.

IF a "YES" answer is detennined, there is a safety
consecuence and task develo ent must .roceed in accordance
with questions 16 tnrougn 2.

A "NO" answer indicates that there is an economic
consequence wnich will be nandled in accordance with
questions 22 thru 26.

Question 4: Does the failure have a d._rect adverse effect on operating
performance?

This question asks if tne failure could have an adverse
e'fec. on operating capaoiity such as:

a) requiring correction prior to further use;
b) compromising the mission flexibility; e.g.,

altitude restriction, non-_Jc4n restriction,
weignt restricion, etc.

if the answer to ts cestion is 1"E-S" or "NC", tasr:
selection will be nandled in accoraanCe wr. z,uestions
&'u 15.

'nce the user has answered tne appiicLab.Le first -_vel questions,
he is directed via second level logic ques-ons tz: one of
the five conseauence catezories:
(1) Safety, Evidenz (*uestions 5 thru 10)

This category must be approached with the understanding
that preventive maintenance (PM) zask, s) are reuure_
to assure safe operation. All questions (5-10) in this
category must be asked. If no effective tls(s)
results from this category analysis, then redesign -s
mandatory.

2) Eco-omic, CberFiona l (Ziestions 11-15)
For this categcry W, tasls(s) are desirable if tne cost
is tess than tne comoinec uost of tne cuerationa. loss
and the cost of repair. Analys-.s of the fa-'re causes
nrougn tne logic req-uires the first questcon

(Se.vicing) tc be answere:. Eitner a "YES" or "NO"
answer of question 1, still requires movenent to tne
next level; from this point on, a "YES" answer w 'I

complete the analysis and the resultant tasK(s) will
satisfy the requirements. Tf al answers are "NO"', no
tasK has been generated. :f econcmic pena lties are



severe, a redesign may be desirable.
(3) Economnic, Non-Operational (Questions 11-15)

FM task(s) is desirable if the cost of the task is less
than the cost of repair. Analysis of failure causes
same as above.

('4) Safety Hidden (Questions 16-21)
The Hidden P\ii'ction Safety Effect requires FM task(s)

- to assure the availability necessary to avoid the
safety effects of multiple failures. All questions
(16-21) must be asked. If there are no tasks found
effective, then redesign is mandatory.

(5) Non-Safety Economic (Questions 29-26)
PM task( s) is desirable to assure the availability
necessary to avoid tne econani2 -effects of multiple
fai-lures. Movanent of the failure causes through the
logic requires the firsz question (Servicing) to be
ansiered. Either a "YES" or "NO" ans~er still requires
movaneno, to the next level; fram toi.s point on, a"E"
answer will complete the analysis ant the resuLL:ant
tasks) will satisfv the reouir-ans.' ail answers
are "INO", no task has been generated. If economic

L penalties are severe, a redesign =-y be desirable.

Developinzg the most effective prevent_ ve M-4ntenance task
canoination 4 s handled in a simll'ar manner for eact of tne fi.ve
consequence categories. For task determination, it is necessary
to a:poly tone fa= iure causes for tne fazilur-e to the se-cont level
of the logc da3>f~m. Tnere are seven P~z _ze _s~resw
ques-tions in tone Efffect. categiri-es as follows:

-Serv - e Thase questions 5, , 16 &
is a ser.icIng task applicable an-J effecttz-e-

-,4- -n'ers -- y az!- Pf ~-,icin for toe paroose o)f
mantai_4ng innerent desig7n capab.:ties. :t in2_,,ez
a: tcvi-,ies performed perioicl tc we:an it in :oroper
ocer-a t-n~ :. onC-4t ion , ie, to clean voaecontminate;,c
preserve, to arain, to paint, or to rep e-niso f
aoori-cants, nydrauLfic fluids, or compressed air sipies.
* Applicat)iity OrJacorca:

The replenishment of tne consunable must reduce tne
rat e of funct-ional1 deterioration.

" Effecti'Veness Criteria - Safety:
The task must reduce toe risK of faiure.

" EffectiveneSs C-riteria - Econanic
7ae t ask oust n=- 2ost-effectiVe.

~2) rew ontoring !as,: (Questions 6, 12&

.s a crew monitoring tasK app-icable and,- effective?

:'hs tasK nsists of any monitoring of aircraft operation
oy toe crew members during their normal dutJies. Th IS

~nc~W~smonitojring of instrunentazion and recognit-ico of



potential failures by the operating crew through the use of
normal physical senses (e.g. , odor, noise, vibration,
temperature, visual observation, changes in physical input
force requirements, etc.).
" Applicability Criteria:

Reduced resistance to failure must be detectable and
rate off reduction in failure resistance must be

* predictable. Indicators that annu~nciate failures at
the time of occurrence are not applicable.

" Effectiveness Criteria - Safety:
This task must be part of the normal tutieS of the
operating crew and reduce the risk of failure to assure
safe operation.

" Effectiveness Criteria - Economic:r This task must be part of the normai duties of the
operating crew.

()Verify Operation Task (Q uestion 17)
Is a cneck to verify operation (or detect impending failure)
appilicable and effective?

This task -is to verify qualitatively that an i4te is
fulfil-ling its intended purpose.

* ApplicabiliJty Criteria:
Verifil.acion of operation must De possible.

o Effectiveness Criteria - Safety:
T.he t as1: must ensure adequate availaoility of the
riaoen fuointo reduce the risi< of a rnultio-Le

* Effect;iveness Criteria - Eccncmac:
The zoast: mutensure a"-equate availaoDL--Ity of tine
nftc en function i'n order to avoid economic ef- -s of
m-'ticle fail-ures a-:n-- must be cost-effective.

'L) Dn Condition 7"sc (Questi-ons 7, 13, 15 & 2-)
s tne aoit7v to detect degradation of tine furn:tion by

on-aircraft or off'--aircraft tasK( s) e.,-., t-nru, funct-ional
oneckLout, preflight inspection, ACE or thru Fsk a-,:-,icable
and effective?
This task is to examine an item using a specific checkvlist
or standard. It may include a :zconlncktc eerdn
:f one or more functions of an item performs with in
specified Ilimits .

* Applicability Crit.eria:
Reduced resi-stance to failure must be tetectacle and raeof
reduct.ion in -failure resistance must be ceitoe

* E-ffectiveness Criteria - Safety:
Thne task must red-uce the risK of failare tc assure sa=fe
operation.

o Effectiveness Criteria - Econmic:
The tasK must be cost-effective; i..e., one coDst of t:ne
task must be less than the cost of the failure.



()Rewo,,' (or Restoration) Task (Questions 8, 124, 19 & 25)
7z- re-work task to reduce failure rate applicable and

_.fectiv e?

This task includes repair, overhaul or rebuild. Repair is
the application of maintenance services or other maintenance
actions to restore serviceability to an item by correcting
specific damage, fault, malfunctions or failure in a part,
subassembly, module (compnent or assembly) , end item, or
system. Overhaul is that maintenance effort
( service/ acti-o-n) necessary to restore an item to a
cM2 onoletey serviceable/operational condition as prescribed
oy the maintenance standard (i.e., DMWR) in the appropriate

zeoi~ oubolicantion. iOrerna is normal'y the nig.-est
-Oree of maintenance performed by toe Army. Overhiaul does

not normally return an em~ to like-new condition. Rebuild
consists of those services/actions necessary for- tne
restoration of unserviceable equipment to a like-new
cornootion in accordance wito original maanufacturing;
stancaarts. Rebuild is tne nig'hest degree of maerial
M 4ntenance applied to Army equipment. The re '-z
operation -ncludes the act of returning to zero those age
Measurements (i.e., hours) considered in classifying Ar-MV

-craft systems and coonents.
-. as< involves thiat work (on/off .te air raft:) necessar~y

to return th ,e item to a specific standard. Sin.De this task
myvary frcm cleaning of single parts uptoa
oenuor rebuild, tne scone- of each ass,-nez' restoraior.-_

_73': :oaz to eoeciic

9 icai t y Cr --*t -

me item muast snow 1 fucioa deSrata-ion
coa-raczerisoics at an icniieate -an 3
2ro:n:rtior, of uri " s m sur;_Vae to oriat te
be possioue to restore -one itaz to specific stano:aro

of falureresi stance.
Eff _ecivenessCitr: lX.v

Th e t a s k' .u s t r eotuice= tone -rIs e, o 'f aur e t c a-,s ;
oceration.

* Effe2ctiveness Criteria - - E-oo-c:
:he task must be costeffe-,tve :., tne co:st o: tne
task must be less tnan tone cost ft r
orevente<;.

Taes t ' task : tf &v ~
aue rat.e azoomcable _=_'e"f2 'e

This tasK 4 nvol ves substit 7uting a servicable i type part,
su3sa-ssembly or module "component or az-semcly' for a'n
u-n- servi.ceabi~e counterpa rt. 7-. reoe remov I fDM
servic2e of an item at a specifi'_ed,- Life
:Iiis task is normally applied to so-called sing5le !eliet

panrts sucn as cylinders, engine di-sks, safe-1ife struo-t-ra-



members, etc.
" Applicability Criteria:

The item must show functional degradation
characteristics at an identifiable age and a large
proportion of units must survive to that age.

" Effectiveness Criteria - Safety:
A safe-life limit must reduce the risk of failure to

* assure safe operation.

SEffectiveness Criteria - Economic:
An economic-life limit must be cost-effective; i.e.,
the cost of the task must be less than the cost of tne
faiures prevented.

7 ) Combination '-,estions 10, 2-,
is tnere a tasK or :o=zination of tasks wnich is aDDlicable an-

Since this is a safety category question and a task is
required, ...i.a. must be analyzed; t do tnis,
a review of tne tasi-:s) t=at are applicable is necessary.
From tois review tne most effective tasks) -unLst be
selected.
Dnce the maLntenance task's) nave been selected, tne next
s ze is tc se tas.< :ueniesin . Firs: ee-sine
wn.etner rea, and aoo..icaole data are avaiable wnicr. suggest
an effective interval for task accomplishment. Prior
kcnowledge from otner aircrft systs may be use: wncn
snows tnat a scneu.ed maintenancE tas,: nas offerec
suoszanta eiioerce o: oein effective ant eonmioaLly
wortnwrnie.

ftere Is no pror .ow-ez fr o otner airoraft svstMs
or if there -

2 i eiiri eventoe reo
amnt current sv.s: ,es, tnn- t-a± frec enoY, Canvi ___ l- o'
estab-isnez. e.i:cer---ec :"e-neerang as
maintenance personnel sIn:7 good jutzment an operatinz
ex ero.en e . concert ;ct: ate auit' tata.
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APPENDIX B: ThE DMWR RCH REVIEW PROCEDURE

The RCM process involves first identifying existent failure(s) through
use of available data, test, and inspections. An evaluation of these elements
is then conducted to determine the condition of an item prior to performing
maintenance to return the item to a serviceable condition.

Tests, inspections, experience, and historical data are used to the
extent practical for each unique item of equipment to determine depot
maintenance procedures with the least extensive processes. Particular
attention is paid to the following areas:

(1) Tne Army Oil Analysis Program (AOAP), as prescribed in AR 750-22,
is used as applicable to identify maintenance requirements in
subassemblies or components.

(2 Preohop analysis (PSA) is incorporated as a integral part of the
entire maintenance process. Preshop analysis using inspection as
well as diagnostic test is performed at the highest possible
level of assembly to prevent unnecessary disassembly.

(3) hear tolerances are reviewed to allow maximum use of parts Within
safety and reliability parameters. Tolerances that are primarily
for manufacturing purposes are not required checks unless
specifically required for reliability or safety.

(4) Diagnostic tests are reviewed for general application and for
maximum allowable variation while retaining safety and
reliability. Tests are used to determine the extent of depot
maintenance, not to confirm design parameters.

(5) Economic considerations and trade-offs are balanced against
reliability and safety requirements. If limited disassembly is
required to determine condition and repairs required, any parts
or assem.ies easily accessi-Ie oecause of this disassem:ly are
zonsidered for repair or replaement bas.e on conz::ion,
reliaility, age-usage relationsnp and economics.

(u) Disassembly and replaemen solely for cosmetic purposes are
avoided.

.7.) 7ne benefits of refinishing end items and assemblies are weizneo
against the consequences of toucn u'p only.

i Component recair or replacement is justified by stat tically
sound test or field data. Pepair or replacement cf an item is
correlated closely between re ai -a or

in order to integrate the RC, process fully into Army main.enance,
maintenance requirements derived from the RCM process must be incorpcratec
into the appropriate technical publications. As an examole of how this
incorporation of RCM into technical publications snould be carried out., this
appendix describes the method used to review, and to revise or rewrite as
necessary, existing aepot maintenance work requirements (DMWs;) to reflect the
RC1, process.

Depot maintenance is performed in accordance witn tne flow chart given 4
Figure B-1. As shown, all aviation equipment items are grouped into the
following three (3) categories upon induction into a depot:

(1) Category I: Aircraft - This category encompasses the total
aircraft; for example, the airframe, electrical wiring, seats,
transparencies, push-pull systems and doors.

(2) Category !I: Large Components - Tnis category encompasses large
components and major assemblies; for example, engines and
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transmissions.
(3) Category III: Small Components - This category encompasses small

components and accessories; for example, generators, hydraulic
pumps and oil coolers.

A DMWR contains complete instructions and acceptance criteria for an
overhaul of an aircraft or component based on the process shown in Figure B-i.
The EMWR identifies minimum acceptable standards and (where applicable)
provides preshop analysis (PSA) guidelines for determining the extent of
repair required. It is normally provided as the "Statement of Work" for each
item contracted or programmed for depot level maintenance. It is a "how to
do" type of document which provides the necessary instructions for the
complete overhaul of an item, including conversion/modification criteria
(parts, subassemblies, and assemblies required to convert to latest item
configuration as specified in depot program notices and the modification of
parts, subassemblies, and assemblies required by engineering change proposals)
and piece-part reclamation procedures for the worse case condition of
applicable parts.

The EMWR is the result of an intensive effort to determine the processes
required to achieve maintenance standards and incorporate those processes into
a usable document as described in MfL-M-63041. The 4WR is constructed in a
manner which will enable it to be utilized by those elements responsible for
producing a quality product that meets serviceability requirements. An
effective UMWR will result in minimizing resource and materiel expenditures
required to restore and retain the reliability and safety of the equipment.

ZMWRs are supplemented at the depot oy AVSCQM Engineering Directives
(AEDs). AEDs address specific problems in a IMWR and serve as an aid in
updating tne XviR. AEDs are also used to formulate tecnnicall data packages
for piece part repair and contracts and to provide alternate procedures to the
de:ot because of unicue capaDi ities or restricions. AEDs of tnis latter
type are referred to as "program" AEDs since tney wi1 not oe picked up in a
3fWR.

PSA, an in egra part of tne entire depot maintenance process, 4s a
logical inspection procedure tnat is done to determine the condition of an
item sent to the deoot. The condition of an item, along with the reason(s)
wny tne item as sent to toe depot and tne camponent operating times, wil
dictate toe minimum amount of aepot maintenance needed to restore the item to
inherent design safety and reliability levels. PSA identifies the extent of
disassembly and repair required at the appropriate prime shop(s) and also

determines if canoonent "short routing" can occur, i.e.. if components can be
sent directly to the control holding area or assembly lines. PSA utilizes
visual inspection, diagnostic testing, nondestructive testing, dimensional
inspection, and other methods as determined appropriate in conjunction witn
experience and historical data in the evaluation process. PSA using
inspections as well as diagnostic test is performed at toe highest possible
level of assembly to prevent innecessary disassemzly. Defined weaK spots
wtoin a cmponent must be accessed to inspect for specified historically
c~on deficiencies and to determine repair requirec to restore item -esign
requirements reliability and safety.

The PSA section of a L1IWR provides the "wat-to-do" guidelines necessary
for determining when and where to apply the EMAR's procedures. Although
overhaul is the major part of the work performed at a depot, not all of tne
items processed at a depot receive a complete overhau. When a complex unit
oecomes defective in the field, and is beyond field repair capability, it is
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often more cost effective to minor repair rather than overhaul wnen received
at the depot. A minor repair consists of the minimum maintenance necessary to
correct the specific discrepancy that caused the item to be returned to the
depot along with other applicable tasks associated with reassembly, testing,
and preservation. The minor repair changes the status of the unit from
repairable to serviceable but does not increase its potential longevity. The
determination to minor repair or overhaul is made after the item is inducted
into the depot-and undergoes a PSA.

Figure B-2 illustrates a longevity curve which depicts wear/degradation
behavior with respect to time. The slope of the curve during wear-in and
wear-out varies frm item to item as does the length and slope of the stable
wear life part of the curve. A descrepancy changes an item's status from
serviceable to repairable and acts as a roadblock in preventing the item from
progressing down its longevity curve. When the discrepancy arises, usually
either overhaul or minor repair is performed. Overhaul is performed to
recover used-up wear life in items with time-between-overnaul (Th:) limits;
the longevity of an overhauled item approximates that of a new item. A minor
repair removes the roadblock and allows the unit to progress; it does not
recoup any of the used up wear life and therefore does not change the item's
position on the longevity curve. For simple OCM items witnout MOs minor
repair is the only alternative.

. Wear-Ln Stable Wear Life Wear-out

I I

Overtiaul Minor Ke~t

-, ' D Lscrency

Figure B-: impact of Repair on Ptential ~nce-:viy

The PSA secticon of the 4 R are to include guidelines for iecermining tne
mini'mum extent of maintenance needed to ensure restoration and preservation of
the item's inherent design reliability and safety. Figure B-3 proviaes
general guidelines to aid in the review of a 24WR and to prepare practical
PSA guidelines for eaoh of the three categories of eouipment.

A icey aspect of evaluating and/or preparing thne PSA section for a give
har ware item is to determine if the item can be restored by minor repair
i.e., inspection and repair) or if overhaul is necessary. A decision logic

to determine if minor repair is feasible is given in Figure B-4. Time since
new or last overhaul is not changed after minor repair.

To eliminate unnecessary maintenance tasks while restoring -nnerent
system reliability and safety requirements, one initiative (%here applicable)
is to only partially disassemble the item during the overhaul process. This
initiative is viable on complex items, such as engines and transmissions,
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I. AIRCF - 1.
A. Preshop Analysis (PSA): If a PSA exists, it will be

evaluated; if it doesn't exist, it will be developea. The
DMWR PSA which results will provide guidelines to the depot
for m~anining the basic airframe and identifying the extent of
maintenance required. Initiatives will include:
3. Determining wnich panels and other structure require

arbitrary removal from the airframe and which are
removed only for cause.

2. Identifying specific structural weak points that must
De addressed at every overnaul.

3. Determining wnich aircraft require alignment cneck at
every overnaul and, if not, 'hnen an airframe aligrment
fixture is required.

- aeviewvn; the depot maintenance process to cetenmune
wat other tasks can be e-iminatec, streamlined, or
accacplisneo only on condition.

5. Determining the extent of repair for the tailboct.
6. Providing guidance for using visual examination in

lieu of nondestrictive testing (ND (wnere possibie,
for detecting cracks in piece parts.

B. The accessories/components which require functonal test or
special inspection will be determined.

C. The aircraft's characteristic weaknesses wnicr. must be
addret_ S. cuh depot maintenance ',onvenience maintenance)
ill be identified.

:1. M.fR j P:2 1,CNTS :ENGINES, TRAN'i!32l:DS, E7. :
A. Presno; Analysis (PSA): Tne PSA wl'' estatlisr. a I z ite:

z~sassemolv concept wnicn will feature:
Snort routing of the high confidence assemblies ny
estaolisning hard tine between complete dsasse.:.-.iea
for eaYn majcr assembly or subasnolv.

1. ">entif'ying innerent 4eaKnesses wr..: Zuz. -e

addressed at ean aepot caintenance eon, ere :e
oalntenance ..

3. Ident" -fying bearings wnich recuire c.sassetzo,." a:.:
inspection in cear. roar, envrormer.t.

.o::ance for us-ng visual exacination o lieu of N:7 w.e -
possitle for cetecting craz-:s in ;ece part: --

?ze tarts cr.icr. snould renan tozetner Dr re;ssemn:: mere
Praztioal an: desired alternatives ;nen suc, prt:ir nz,
r-matr, togetner will be identifie:.

Te 2M4R will provide for check ano test of tne ma, r
co-nent's accessories and toe perform.ance of minor re.air as
cceoessarv.

z. Toe zepot maintenance process wi- 11 eved to ceteru-ne
wnat other tast:s can be eliminated. streao ioec, Zr
acoplisrt only on condition.

2 -" SMAL. 3-iC] . :3TZ.

Snce these co.ponents are disasse--blec , on a or,,ben2n, direztlx' znt:
tnelr integral piece parts, there are usually not sucassem:t-es, ;r

suoassemolies are oorndei together and further disass-moly is izpratzal.

Aithougn imited disassembly is not a viaole initiative on small components, a

FSA will be developed to address:

A. Inherent weaaiesses of the comPonent wich require aphasis at
each depot maintenance.

B. Guidance in determining when and which parts require NW.

W.ich parts should remain together for reassembly '-r ere
practical) and desired alternatives wnen such parts 00 no:
remain together.

D. Which bearings require disassembly/inspection in a clean rsa
ernirorrnent.

Figr-xe B- RCM £t4WR 'keview :ass

:9--,



where an item is extensively evaluated during PSA to determine if its
condition requires complete disassembly. After a limited disassembly
overhaul, the item's records are adjusted to reflect zero time since overhaul.
In evaluating the item to determine if limited disassembly is a viable option
the folloing questions are asked:

(1) Does the item have subassemblies, modules, accessories, etc.? If
so, do sane subassemblies have considerably more longevity than
others?

(2) What are the item's inherent design weaknesses?
(3) What are the most common causes for depot return?
(4) Are there some maintenance tasks that are not necessary under

certain situations?

AS C

- ma. - 4 ,t3:t A

Figure 5-4 Minor Repair Feasibility Decision Logic

The specific procedure to review, and revise or rewrite as necessary a
D.MWR to include the RZM philosophy is illustrated in Figure B-5. There are
six (6) steps as follows:

Se: I: Compile Data

This includes compiling and review-nE the following Jaa items:
(a) 1.MC Regulation No. 750-9. RCM Application to U4WRs, dated 31 August

1983 -- This defines the basic philosophy of RCM as it relates to depot-level
maintenance and directs that new IMWRs be developed in terms of RCM philosophy
and tnat existing LNvWRs be reviewed and revised or rewritten as necessary to
incorporate the ROM prilosophy.

(b) The current DIWR for the particular item being reviewed -- This
forms, of course, the baseline for the evaluation/development of the FSA
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- RZ2 Application Shop wit nso~'e

- Lzajited D-isassembly Travelers
Overhaul Programs adASC

- Minor Reoair nger

Sze::: Evaluat.e/

-S :s~z ez--,C/

es- tz ar:e :

-Reta.r i

3ez- CMDW FS:Irrae ?r zez
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section/chapter cariried out in step 2.
(c) Certain program AE]s (that deal with concepts and procedures for

processing and managing particular equipment through the depot process) --
These include AEDs on RCM application to T53 engines, on limited disassembly
overhaul of engines, on minor repair of engines, and on RCM/minor repair of
transmissions and gear boxes. They serve as background material for the
evaluation/development of the PSA section/chapter.

(d) Snop-travelers -- These are depot work order documents that provide
authorized prescribed sequential shop routing and technical processing
instructions for assemblies, accessories, components, end items, and/or parts.
They are developed utilizing applicable EiWPS, document AEDs, program AEt,
and/or field maintenance tecnnical manuals. They provide information on how
tne item being reviewed is currently processed through the depot and can be
used as background material for the evaloa:ion/de lopment of tne A
sec ion/crzpter.

(e) Experience information -- - s is information compiled for tne item
being reviewed from tne depot process beginning with PSA if applicable, and
proceeding to tne prime snops. At eacn snop the depot personnel directLy
involved ws:n tne equipment are inter.;iewed to determine weaknesses and
problems witn tne equipmcnt, how these weatmesse/pr-.olems can ce aciressec,
and the high confidence items which can be snort routed.

f) RM turbine enzine data -- DERSO collects, reduces and analyzes data
from all available sources relative to the operation and maintenance of
turbine engines. From tnis data enzine reliatility, maintenance sgninlficant
otes, and failure modes can De measured and evalaua'ted; engine component or
partuw po nia! for improved reiacz.:ty can De identified; and future
engine requirements can be deciced. .For an engine, then, this <aa tank is
use: to assure .hat current ma4ntenance :ass in toe :k,, proSr= i-ms, an:
snop traveers t- a .reval. ent fai- ure mo"es and, If not, tca::c~o.a..o.. ... nn..an.. recucre~encs .....n toe bI ectionx .. na.te......... =' p r.
st-e 2.

Sg, V .. Breparation of - T h spe......a, , ' - -
r ecuorments ,on t genera. . .o n

. her Qata -- Thos incluaes A ZY m-=oranda on. pro-- - certain
e- amen: materiaI from previous ?CM aolications.

tte: 2: Evaluate/Develo; PA F ecticn.'Doacter

EvE__.--e or develop tne PSA sec-icn np: er based on te n ata c....-Z
stem I. Major ccnsiderations in toe evauation/ z ev ....Pm t of n a
section/ichapter are as f__o :

:2) -f minor reair is feasicle, toe P3A section,, chapter shoud
ontzatn .in-r repair 2roteria as wel as overnaul

The PSA secticn.icnaoter snOTL. marc? it clear tnat toe
zrocujring Ici;i 32pstcs~aarate programs "~

re.Da-r an- over--. Toe minor rezair portion of :e A
sectioa'cna:t er s:-::u;L aoe: :. e 2cuse foD- :ocoote:ur _
also inciude (where aDooicaole; convecoence na zenance were
co.enience aittenancc J . n_anrs aorctwer
pevenive maintenance toat ts aetermLned to be cost ef ec-ive
and/or significan:ly improves lorgeviy, reliaoiLty ana!'or
safety and tous is done while the item is in toe depot.

minor repair is not feasibe and overhaul is the only
viatie alternative, tne PSA section/coter s...u... stiuate



that "minor repair is not eccncmically feasible for this
i t tn".

(3) If limited disassembly is a viable initative during overhaul.
This includes studying the primary weakn~esses and strengths of
the item. The strengths can provide justification for a limited
disassembly approach. Any weaknesses can be addressed by
convenience maintenance during minor repair or Limited
disass~mbly overhaul.

(4) A PSA checklist shall be included as a handy, streamlined
list of the issues addressed in depth in the PSA

section/cnapter. The checklist shall1 not repeat any of the
iLnspect.ion tables that are contained in the maintenance
instruction sections/chapters of toe 1Y1WR.
A. mantacor." modlication table shall be included as a handy list
o: tone modifications coat can be accolisnet on tne item. All
:;f 7one mnotif icat ions are reauilred at overhaul; safety-driven
and/or c-)st-effec!tive modifications should be r'equired at minor
repair.

Ste: -,: ?-epa re :raft IFA Section/2i'faoter

A draft FSA section/ chapter is prepared, 'lase-" on the considerations
,-va!_zaed and toe criteria, coecKl.ist and otner docunentation developed during
Step 2, in acoordance wi-tn toe format and content data requairemaents of

ML~-4-oQ41. Te secoon/cnapter is tailored to toe part-icuLar EflRArmy
a-:at-or. equioment item D-ing rev ieed. However, ow ort-ions, of each P~z
se3-tion,:!aacte zret.arec are fairlIy we7 st anzardcozez:

Puros s tcent- very si rm4 ar to t..-at: iv en in X i-Ms
-rcvooe: as toe firs ca.ra:7oo:, irn toeseoicae.
:n :e FSA ne~,- ist frL~at _s stanzar:oizat tase: on zoa Yen

So-ec-~:~oaeMnh~-ot Avc4idance

nce the ~Asect~ion/ chapt er is ap7_-oved y estimation
sar.ooorcostavoizance resulti:n;. fr CYrvso o:teJV trooo
z~scto natrcan bef-in-. If K2M nas already oeen app.,iez pr ev ioasv

thnrouz: orogr-km andlor snop traveler, t;o tne fiel ec A.rmy avo ation,
equLonero coveret ny the 2{W. revised, t'o:e.e aazx- o n-nD~s, man-noic'-
costs, and parts co)sts recuired forr aepot-leve- maatotenance before an--- after
R-.Y applicatior probabl y exist and can be ocandfrom depot prcgram
Production:, o _ann:.ng and contr-ol managers l'or toie einecinvolvec.
completae aa do not- exi-_st , at least dat:a fo r na onnebefore R:'.,
azp..caoo 4 e., c~zet b, s~Dv and 3ve roaaul. are aaable f~r zoese

maaes o nen, wtassistance fromdpotienegneering Personnel,

3--eo 5: Pre::are _-ctz AED

A document-type AED is preparedj in accordance woo rocedure No .
DES.-CiD97 as toe venial for revising or re-.rii nz toe oY R to i-ncorporat-e tae

approved- FSA sect ion/chapter for release to toe aol maintenance facilifty fo)r
implementation and to VS1,St. Louis, along wicn a DlA Form 2025 for
puiblication cnanze.



Step 6: Prepare Final IMWR Report

A final IMWR report on the DIUWR revised using RCM principles is prepared
in accordance with DARCQI-R 750-9 and submitted to the U.S. Army Mteriel
Command Materiel Readiness Support Activity.

B- 10



APPENDIX C: DEPOT WORKLOAD REQREKENTS

CCAD presently performs repair, overhaul, modification, and retrofit of
airframes, aircraft components, systems, subsystems and related items for the
U1H-1, AH-1, OH-6, OH-58 and CH-47 rotary aircraft. Future weapon systems to
be supported by CCAD include the CH-47D, AH-64, OH-58D, and UH-60 rotary
aircraft, selected parts of the AGT 1500 turbine shaft engine, and the
landing craft,- air cushion (LAC) TF4CB Marine gas turbine engine. Brief
summary descriptions of ti.ese future weapon systems are given in the following
paragraphs. Full plans for supporting this increase in wrkload at CCAD are
given in the Corpus Christi Army Depot modernization plan dated 14 August 86.
Table C-I provides projected dates for the induction of the new aircraft
systems at CCAD.

Table C-I Projected Aircraft orKload Overview

AIRCRA1FT ITEM

AIRCRAFT AIRFRAME ENGINE CC POENTS

CH-47D OCT 87 (FY 88) OCT 83 OCT 87 (Partial)
AUG 89 (Canmplete)

OH-58D DEC 88 (FY 89) DEC 88 DEC 88

U-60A OCT 86 (FY 87) OCT 84 OCT 86

Aii-64A FY 90 FY 88 FY 8 Partial)
FY 90 ' pee)

CH-4, Zninook Helicopter: The present C'+ fleet of A, B, and ' models is
being modernized to one standard configuration (T-h47D) .nich -4il ' facilitate
logistical support and simplify maintenance support. Ine ZH-14Th 2ninook, witn
;win-turbine T55-_-71 2 engines, is a tandem rotor heliopter designed for
intern- and external cargo transport during visual and instrumen:, day and
-.nght operations. Design improvements have resulted in improved reliability,

availability, maintainaoility, and survivaility. The Cii-47D will provide tne
Army with the necessary medium lift helicopter (M1) that can accomplisr
missions throughout the range of temperature/altitude combinations where
United States forces can reasonably be expected to operate.

OH-58D Kiowa 0bservation Helicopter: The CH-C58D uses tne basic airfr, ame of
tne C0-58 A-C nelicopter modifications. The CH-58's include a mast-mcinted
3ight (M{4S) sub-syst-n designed as an aerial surveillance system for tay/nignt
acquisition of enemy targets. The Oi"-58D performs day and night close
aerc-scout and field arzilery aerial ooserver missions world-wide under a
variety of environmental and threat conditions. The OH-58D will be assigned
as an, aero-scout helicopter for attack helicopte- companies and air caval-ry
troops and as a field artillery aerial observation helicopter.

UH-60A Black Hawk Helicopter: The Black Hawk is a twin-tu.rbine, medium
speed, single main rotor configured helicopter capable of transporting cargo,
11 c~bat troops, and weapons during day, night, visual and instrument

!
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conditions. The main and tail rotors are both four-bladed, with a capability
of manual main rotor blade folding, tail rotor blade scissoring, and tail
pylon folding. The aircraft is powered by two T700 General Electric 1543 SHP
turbine engines and has a flight endurance time of 2. 3 hours at 4,000 feet
altitude and 95 degrees Fahrenheit. The Black Hawk will replace the MI-1 in
air assault, air cavalry, and aeraedical evacuation missions. The Black Hawc
was designed to transport troops and equipment into combat, resupply these
troops while in combat, and perform associated functions of aeromedical
evacuation, repositioning of reserves, and other combat support missions.

AH-64A Apache Helicopter: The AH-64A is a twin engine attack helicopter
designed as a stable, manned aerial weapons system to deliver aerial point and
area and rocket target firepower. Developed to be the most lethal and
su-vivaole helicopter in aviation history, tne AH-64 will augment the combined
arms team witn improved folding fin 2.75 aerial rockets, 30r cannon, and tne
anti-armor HELLF2RE missile. The AH-64A will perform its assigned missions by
providing direct aerial fire support under day, night, and marginal weather
conditions. Typical AH-64A combat missions include anti armor, air cavalry
operations, and escort and fire support for airmobile operations.

Selected Parts of the AG 1500 Turbine 3haft Ehgines: The H-I Abrams tank is
powered by an AgT 1500 SHP turbine engine. The depot will support the
reclaation of selective parts that require special equipment and processes
tnat are not available at other depots. The list, of parts and special
equipment and processes that tne depot has available to support the
re-lamaion is shown below in Table 2-2.

:aoe C-2 Selected Egine Parts To Be Repaired By The Depot

PART PROCESS REQUIRED

SThTO VANE Electric isnarge Macnining
(5 low & 4 nig pressure) VacuuLm raing

TURBDE WHEELS Plasma Spray
(1st tnra 4tn) Precision Balancing

TLRBINE NOZZLES Electric Discharge Machining
(1st, 2nd, & 4tn) Vacuum Lrazing

Plasma Spray

TLEBINE SHAFT Electron Beam Weld

BEARN14G HOUSINGS Electron Beam Weld

TDBINE CYL.NDER Plasma Spray

SHROUD AZS-BLY Plasma Spray

BEARINGS (ALL) Complete Bearing eLwork

POWER TURBINE Electric Discharge Machining
HOUSING ASSEMBLY Vacuum Brazing

Plasma Spray
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Landing Craft, Air Cushion (LCAC) TF40B Marine Gas Turbine Engine: The IF40B
engine, a derivative of the T55 AVCO Lycoing engine of the CH-47, powers the
Naval Sea System Command's newest assault craft. The LCAC is a high-speed,
over-the-beach, ship-to-shore hovercraft with capability to lift all equipment
organic to the ground elements of a Marine Amphibious Force. Each LCAC is
powered by four TF40B gas turbine engines. Projected fleet size by 1994 is 90
hovercraft with a total population of 360 TF40B engines plus 10$ spares. The
pilot overhaul program is scheduled to begin in Jun 87 with full organic depot
support beginning in Jan 88.

The large increase in workload due to the new systems described above
results in the need to modernize and expand the existing shops and to
construct new facilities. The Black Hawk and Apache are both larger in size
than the present systems being overnauled. The manufacturing shops must be
able to accommodate not only the increased workload but larger airframes,
engines, transaissions, rotor heads, and many other components. Increased
shop space is not the only requirement for the support of these sophisticated
new weapon systems. State-of-the-art equipment is required to work on the new
materials used and to test the technologically advanced systems in these
aircraft. It is imperative tnat these new systems are provisioned for in
terms of depot maintenance. The airframe, engine, power train, mechanical and
hydraulic components of these aircraft differ widely from tne UH/AH/OH
aircraft common to the CCAD depot workload. CCAD will continue to provide
depot level support to its existing assigned aircraft while integrating tne
new systems into the depot for support.

Accordingly, DERSO must also moernize to effectively support tnis
increased workload and to provide the required RCM aaza base, to analyze
equipment failure modes and trends, to develop equipment preventative anz
corrective maintenance plans, to develop equipment overhaul and repair
procezures, to evaluate modified and new eouipment, to qualify new vendors, t3
scruC DMvRs, to evaluate airframe condition reouirements an: to analyze
aircraft corrosion.
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FOREWORD

The procedure described herein was developed by Reliability Technology
Associates (RTA) for the U.S. Army Aviation Systems Command (AVSCOM), Depot
Engineering and RCM Support Office, as a Special Task under the auspices of
the Nondestructive Testing Information Analysis Center (NTIAC) at Southwest
Research Institute (SwRI), Contract No. DLA900-84-C-0910. The work involved
comprises Task 1 of a multitask effort to review, and revise or rewrite as
necessary, Army aviation depot maintenance work requirements (DMWRs) for
reliability centered maintenance (RCM) philosophy.

At RTA Mr. Ronald T. Anderson and Dr. C. D. Henry compiled and organized
the technical material and developed the procedure. At NTIAC the task was
performed under tne direction of Dr. George A. Matzkanin.

Dn the part of AVSCOM, the task was under the technical management of Mr.
Lewis Neri, Chief, Depot Engineering and RCM Support Office. Mr. Robert
Ladner, Chief of the Depot Engineering Support Division, guided the
development of the procedure and provided the necessary Army documents and
other information used as input to the procedure.
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1.0 OBJECTIVE

The objective of this document is to describe a procedure for revie jing,
and revising or rewriting as necessary, existing U.S. Army aviation depot
maintenance work requirements (DMWRs) in order to assure that the basic
reliability centered maintenance (RCM) philosophy is incorporated into the
DMWRs. This involves insuring, through the procedure, that the inherent
design reliability and safety of Army aviation items are achieved with the
performance of the least amount of maintenance and that overhaul is
accomplished on a rational basis. Tne DMWRs reviewed, and revised or
rewritten, by the procedure will: (1) eliminate unnecessary tasks d uring depot
maintenance and (2) eliminate arbitrary remanufacture through the development
of extended wear limits and reclamation procedures for piece parts. Following
the process described in this procedure selected DMWRs will be reviewed and
AVSCaM Engineering Directives (AEs) for their revision will be prepared.

2.0 BACKGROUND

2.1 Reliability Centered Maintenance (RCM)

Reliability centered maintenance (RCM) is a precept which uses an
analy-ical methodology or logic for influencing design maintainability and
re.laoility and for establishing specific maintenance tasks for material
systes or equipment.

: ZM is oased on the premise that more efficient and cost-effective
e:-ime maintenance Programs :an be developcd using a well disciplinec

dec sion logic which focuses on the consequences of failure. A computer-aided
decision logic question sequence is applied to those parts that are
ma-ntenance and structurally significant in a particular end item, i.e.,
engine, transmission, rotor system, control system, airframe, etc. Eac
significant comonent failure mode is ev-_.;e. to identify maintenance tasks.
Tne logic process forces maintenance tasks to be classified into tnree areas:
(1) lard Time Maintenance for those failure modes that recuire scheduled
maintenance at predetermined fixed intervals of age or usage; (2) On-Condition
M'aintenance (0CM) for those failure modes that require scheduled inspections
or tests designed to measure deterioration of an item so that, based on the
deterioration of the item, either corrective maintenance can be performed or

_ne item can remain in service; and (3) Condition Monitoring for those failure
modes tnat require unscheduled tests or inspection on components where failure
can oe tolerated during operation of the system or wnere impending failure can
De aetected through routine monitoring during normal operations.

Further information on RO is given in a report prepared by Reliability
Technology Associates for AVSCOM: "Ai'tomated Army Aircraft _.M naLysis",
September 1954.

. no Deot Maintenance Process

Figure 2-1 illustrates the depot maintenance process as performed at the
Corpus Christi Army Depot (CCAD) and, in general, for Army aviation equipment.
As snown in the figure, all aviation equipment items are grouped into three
main categories upon induction into a depot:

(1) Category i: Aircraft - This category encompasses the totai
aircraft; for example, the airframe, electLc:' wiring,
seats, transparencies, push-pull systems and doors.

i1



P14/h,~Pe coihOrtof-ta

V.,r IDaa.l
.1 0-rt1 foprno baI/t itt etfl*lAI

ZAS It... Ot t~t & I Ioh. tra~o but lt T bA-..(ino a aa

Gtttkt.... "itia Ca .... stis.; aaatDraaa *.o.AatL.! t

ATo I ... a 9 a Daba. tol 1.11 W.tt D--& s Ohe

-0 Olim-.1'.1Iay4.flile O ono ' Cahp..cOk andz"i

.odola at, A A.'4 .rmd/Cmoe

pu ral6 1 oel.. 0-$'tt lnhtn.t Pto

W~a~tt s~dMt maoMs i

tacarM~naa tat- tn1. .1O Itno .k' " In.. n , o P. a.Jn. a

/P.-it us N'rI

the"~~~ ~ ~ ~ S Stanqie ; ~tvsemsl
.ki. Iia. U

C. t s! a0.84 0
C. 1. o ruftah Ptse P.- N.r l Part.

*.t tlat? 
tellar

pi P -IqitttN'h

S,~o I ... n Por.tLe

Us/., Pepi, tt).

11 ~ ~ ~ ~ ~ ~ ~ ~ a Ao C t Wihte ioa =1dorC I
get ~ ~ ~ ~ ~ ~ ~ adn £000r ''. e.. . f- me

as It- U k II Cbl.

Figur 2-! epot ainteanreervces

.P bILtass 2



(2) Category II: Large Components - This category encompasses
large components and major assemblies; for example, engines
and transmissions.

(3) Category III: Small Components - This category encompasses
small components and accessories; for example, generators,
hydraulic pumps and oil coolers.

2.2.1 Scope of Work

Although overhaul is the major part of the rework performed at the depot,
not all of the items processed at the depot receive a complete overhaul. An
aircraft sent to the depot for a paint job, a transmission sent to tne depot
to replace an unreliable bearing or gear, and an engine sent to the depot to
correct a seal leaK are examples of cases where the project work directive, or
contract, will stipulate the scope of work and identify the appropriate depot
maintenance work requirement (DMWR) as the technical data source to perform
the repair- task(s).

An aircraft sent to the depot for repair normally contains serviceable
components (for example, engine, transmission, and gearbox) whicn are removed
only to allow access for repair of tne basic airframe and are subsequently
reinstalled. If a discrepant component is discovered during assembly or
functional testing and tne aiscrepancy cannot be corrected w:tn field level
repairs, the component is turned into supply and a serviceable component
issued.

Engines returned to depot for overhaul normally contain serviceable
accessories (for example, fuel contrul, overspeed governor, ant igniter unit)
... icn are functionally teste- cencr teseea) and are suusequently reinstalled
on the engines. Accessories wnich do not me-t the functional test
requirements and cannot be corrected oy minor repairs are eitner turned into
supply as "repairaoles" or inducted into a cmponent repair/Iovernaul program.
Some components require upgrading to a later configuration an. are
automatically inducted for repair. The engine DMWR normally provides the
functional test criteria along with adjustment or trim cri .- a (where
applicable). For minor repair, overhaul, or moaifzac., n ;oa.;ant DMiF
is consulted.

When a complex unit becomes defective in the field, and is -eyond field
repair capability, it is often more cost effective to minor repair rather than
overhaul the item when received in tne depot. A minor repair consists of the
minimum maintenance necessary to correct tne specific discrepancy that caused
toe item to be returned to the depot along witn otner applicable tasks
associated wioh reassembly, testing, and preservation. The minor repair
cnanges tie status of the unit from repairable to serviceable out does not
increase its potential longevity. Thc determination to minor repair or
overhaul is made after tne item is inducted into tne maintenance shops and
undergoes a preshop analysis <PSA). The decision logic for making such a
determination is based on fleet readiness and cost effectiveness.

Figure 2-2 illustrates a longevity curve wnich depicts wear/degradation
benavior with respect to time. Tne slope of the curve during wear-in and
wear-out varies from item to item as does the length and slope of the stable
wear life part of tne curve. A discrepancy changes an item's status from
serviceable to repairable and acts as a roadblock in preventing the item from
progressing down its longevity curve. Wnen the aiscrepancy arises, usually
eitner overhaul or minor repair is performed. Overhaul is performed to
recover used-up wear life; the longevity of an overhauled item approximates
that of a new item. A minor repair removes tne roadblock and allows the unit
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to progress; it does not recoup any of the used up wear life and therefore
does not change the item's position on the longevity curve. if rebuild is
performed, the item is new and is returned to the starting point of the
longevity curve.

. e ~ nr ~a

Figure 2-2 impact Of Repair ai Potential Longevity

2.2. 1. 1 Depot Maintenance Work Requirement (DKWR)

A DMWR is a comprehensive document wnich defines the minimm procedures
and standards required to process a c2nponent or end item through the depot.
_ is norma.Ly proviaed as tne "Statement of JiorK" for each item contracted or
progranet for depot level maintenance. -, is a "now to do" type of document
wncn provides toe necessary instructions for tne complete overhaul of the
item, including conversion/modification criteria and piece-part reclamation
procedures for the worse case condition of ap licable parts.

Toe DM ,R is the result of an intensive effort to determine the
maintenance processes required to achieve serviceability standards and
incorporate those processes into a usable document. That resultant document
should be constructed in a manner wnich w-Z! enable it to oe utilized by tnose
elements responsible for producing a quality product that meets the
servieabilty requirements. The effectiveness of the D, dR will result in
minimizing resource and materiel expenditures required to restore and retain
reliability and safety of the equipment.

DMWRs are supplemented in the depot by AVSCOM Engineering Directives
(AEDs) where an AED addresses a specific problem in a DMWR and can also be
used to support depot programs inde endent of DKWRs. AEDs also serve as an
aid in updating D viRs.

2.2.1.2 Shoo raveler

To make use of a DqWR in a practical ma;nner, a specific item reoair task
to be performed duing the depot process is converted into 3 "shop traveler."
The shop traveler is attached to the item and delineates the steps take: to
perform the repair action (as stated per the applicable DMWR).

2.2.2 Depreservation

Depreservation is the initial task to be performed in the depot process.



Basically, the task is to remove the item from its incoming packaged state.
0 Category I - Aircraft tnat are flown in do not require any

depreservation. Aircraft. within the continental United
State (CONUS) are usually transported to the depot by truck
and only Category II items may require decanning or
deboxing. Items such as a tail boom or the basic airframe
(i.e. the aircraft without any Category H or iI items)
require deboxing. Aircraft transported to the depot via
ship may require removal of preservation compounds.

* Category II - Requires decanning and/or other unpackaging.
Any preservation fluids/compounds also need to be removed
,for example, oil and grease).

0 Category II - Requires deboxing and/or other unpackaging.
Any preservation fluids/compounds also need to be removed
(for example, oil and grease).

2.2.3 Presnop Analysis/Disassembly

Preshop analysis (PSA) is a logical inspection process that is done tL
conjunction with equipment disassembly. Components are disassemoled to the
subassembly level with a PSA team focusing on the reason(s) why the item 4as
sent to the depot and on component operating times. PSh specifies tne extent
of further disassembly and repair needed to be performed at the appropriate
prime shop,\ s) and determines if component "short routing" can occur, i.e. if
componenos can be sent directly to tne control holding area or assemoly lines.
.. wea soots within a componen-. must be accessed to ins7ec - for

sz -L hstoricallY coinmon deficiencies.

Category I - PSA is cond-ucte to aetermine tne degree of
disassembly required. This includes removal of al! Category
II dnd IiI items, tailooom, appropriate panels, and doors.
After the aircraft is disassembled and PSA is completed, the
airframe and airframe components (for example, tailoom,
skids, panels, and doors) are routed to their appropriate
prime shop. The Category UI and ITT items are not repaired;
these items are routed into a holding area or subjected to
preservation and storage. 'f Category 1I and/or Ii7 items
are found to be unserviceable during aircraft reassembly,
they are turned into supply as repairables. These Category
i1 and II items identified as repairables are then
scheduled by for maintenance.

* Category II - PSK is conducted wnile removing all accessory
items and disassembling the basic component into
subassemblies/modules. PSA identifies the high confidence
subassemblies/modules that can complete processing without
further disassembly or with only partial disassembly.
The accessory items are forwarded to their respective prime
shop for check and test. Only minor repairs are allowed to
address deficiencies; otherwise the assemblies are turned
-into supply as repairables and scneduled for maintenance.
The subassemlies/modules of the basic component are
forwarded to their respective prime shops for disassembly
and processing. The high confidence subassemblies/modules
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receive a more thorough examination in the assembled or
partially disassembled state in the prime shop. Based on
findings, the prime shop can override the PSA judgment and
completely disassemble the subassembly/module for further
inspection and/or repair.

0 Category III - There is no advantage to a PSA since, in any
case, complete disassembly is required. These co-ponents
are normally inducted into tneir respective prime shops
where they are completely repaired/overhaulea. Only those
piece-parts requiring further repair (for example,
machining, plating, or welding) are routed from the prime
snop to a specialty shop.

2.2.4 Cleaning/Paint Removal

Cleaning and paint removal tasks are performed only if necessary to
facilitate inspection and/or repair.

" Category I - Normally the most needful of paint removal.
This is performed using paint remover (Federal Specification
TT-R0246), vapor blasting (for example, glass bead, light
abrasive, or plastic media), or hot-almli soak.

0 Category 11 - Requires the removal of sludge and/or slurry.
This is performed by masking all component openings to
prevent clogging by deposits and then utilizing one of the
following processes: sclven immersion, dry-cleaning
solvent, vapor biasting (care must oe Laken -o prevent
weartrg away of meta), not-aliai soak, or periodic-reverse

* Category Ci - Addressed tne same as Category 11 components.

2.2.5 Inspection

Detailed inspection of components is performec at tne prime snop.
inspection is directe at piece parts and uti*izes nonestructive inspeczion
(NDI) techiniques, as appropriate.

* Category I - Inspection for cracKs, corrosion, holes, bends,

del-anination, distortion, wiring defects, linkage wear,
nydraulic leaks, missing fasteners, etc.

" Category II - Inspection for cracks, bends, excessive wear,
heat damage, fatique, etc. An engine, for example, requires
turbine blade inspection for deterioration and balancing
flaws.

" Category -- - inspection for defects similar to Category TT
items. A fuel control, for example, requires control
linkage inspection for excessive wear and damage.

2.2.6 Repair Task

The basic repair task for Category i, I, and -I= ites is performed at.
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the applicable prime snop. items received at the pri-ne snop are usually in

the form of accessory or moule/subassembly items. The project work directive

identifies tne repair needed and identifies tne applicable D41 R to be used.

Normally, the specific repair action needed is identified in the form of a

"snop traveler" and attached to the item.

The prime shop functionally tests the ite-m and then performs disassembly,
as needed, to the piece-part level. At this point a piece-part may be sent to
a support snop for a specific specialized repair action.

2.2.7 Reassembly

Reassembly of components is performed relatize to Lnstructions PrOv'e
w4ithin the applicable DMW . At this point, smaller components are

functionally tested.

* Category T - The airframe is riveted together and painted.
All Category TT and III components, ncluding

transparencies, seats, doors, and wiring, are installed.

* Category II - Final assembly is normally performed in stages
with each sibassembly/module being assembled in its

respective prime shop and then installed in the basic

component. Subassemblies/modules often require benc

testing, load testing, balancing, gear patterning, gear

backlasn check, ne:surement of fit/clearance!aligmaent,

eto., upon assembly and/or during installation into basic
component final assembly.

9 ategory Fi - F-nal a embly is normally accompished on a

l iven bencn, starting witn piece-parts.

2.2.8 FuLnctional Test

A functional test is applicable to not only the aircraft's systems, out

to almost all aircraft components and component accessories. This consists of

subjecting the item in question to a series of tests to verify conformity to

required operational specifications.

* Category I - Upon complete assemblement, the aircraft is

subjected to ground testing and any needed adjustments are
made. The aircraft is then flight tested.

* Category II - Engines, transmissions, gearboxes, etc., are

functionally tested in a test cell. Aside frm the variDus

parameters that are measured during instrumentation testing,
the test operator is sensitive to noticeable oil leaks, air

leaks, abnormal sounds, etc. Some transmissions and gear
boxes require partial disassembly to check pinion gear tooth
patterns before completing the functional test. Some

accessory items, sucn as engine fuel controls, are adjusted
to achieve compatability with the engine during engine
testing.

* Category III - Components are bench tested and adjusted to

achieve performance requirements.
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2.2.9 Preservation/Packaging

Preservation and packaging tasks complete the depot repair process.
Preservation prepares the item to withstand effects of decomposition caused
primarily by moisture and is especially applicable to items remaining at the
depot under storage conditions. Decomposition does not occur in a clean
atmospnere when moisture is not permitted to reach the item's surface.
Packaging prepares the item for travel as well as to inhibit decomposition
effects. The selection of packaging techniques depends on such factors is:
susceptibility of the item to damage, normal hazards to which the item will be
exposed, the lengtn of time tne item must remain in the package, and the
pramoional role of the pacxage.

0 Category I - Aircraft that are to be flown from the depot .to
the using unit require no preservation. Aircraft that are
to oe airlifted outside the continental United States
(OCONUS) via C-141 or C-5A are palletized. For example, for
tne Uh-I and AH-1 this involves removal of tae main rotor
blades, the rotor head and mast, and the tailboam. The main
rotor blades, along itn the LTH-1 rotor head and mast, are
installed in a holding fixture and attached to a pallet
beneath the aircraft. i-he rotor nead and mast for toe Ad-I
are fixtured to a pallet and placed inside the UH-1. The
tailboom is installed in a fixture (vertical fin down) and
attacned to the side of toe aircraft.

S Category 1- - Some components and component accessories
r-jqure special preservation that can oe accomplished
immediately after functional test. For example, after
checking pinion gear tooth pattern on a gear box, MIL-L-8188
corrosion resistant oil is used in the gearbox for the
remainder (i.e., a short time period) of the functional
testing. Also, the T-53 engine fuel control is drained of
fuel at the end of functional testing and is filled with 10
weight oil.
Basic components, such as an engine or gearbox, are
installed in reusable metal transport/storage containers..lost of these containers are sealed air tight and contain
bags of desiccant which absorb moisture from enclosed air.
For example, the T-53 engine is enclosed in an air tight
ziplock bag, with desiccant located inside the bag, and then
placed in vented metal transport/storage containers.

* Category III - Components are preserved with an oil film
and/or other compounds, possibly bagged, and boxed for
transport.

3.0 RCM DMWR REVIEW PROCEDURE

The RCM DMR review procedure is shown in Figure 3-1.

3.1 Step 1: Compile Data

3.1.1 Current DMWRs

The DMWRs to which the procedure is to be applied are listed in Table 3-1
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Table 3-1

DIMRs To Be Reviewed

1. T53-L-13B/T53-L-703/T53-L-701A Engines (DMWR 55-2840-113)
2. 155-L-712 Engine (DMWR 55-2840-254)
3. To3-A-700 Engine (DMWR 55-2540-231)
4. T63-A-720 Engine (DWR 55-2' 0-242)
5. Fo,.er Turbine Governor Modei AL-L3 (DL4WR 55-2915-149)
6. UH-1/Ah-IG Min Transmission ,I'MWR 55-1615-156)
7. AH-IS Main Transmission (DMW 55-1615-275)
8. OH-53 A/C Main Transmission (DMWR 55-1560-157)
9. CH-47C Forward Transmission (DMAR 55-1615-117)
10. CH-47 Aft Transmission (DMWR 55-1615-116)
11. CH-47 Combining Transmission (DMWR 55-1615-152)
12. CH-47 Engine Transmission (DMwR 55-1615-153)
13. Uh-1 ilinety Degree Gear 3ox (DMwR 55-1560-127)
14. AH-IS Ninety Degree Gear £ox (3MWR 55-1615-277)
15. AiH-1G 90 Degree Gear Box (DMWR 55-1615-125)
16. CH-58 A/C 'ail Rotor Gearbox (DMWR 55-1615-159)
17. Uh-1 Main Rotor Hub (aIwR 55-1615-102)
18. Cri-58 Main Rotor hub (D.MR 55-1615-158)
19. Ci-47 Rotary-wing Head Assemnby (DMWR 55-1615-112)
20. Ah-1 Main Rotor hub (DMaR 55-1560-196)
21. Ch-47 Controllable Swasnplate (DMwR 55-1615-114)
22. Oi-58 Tail Rotor Blade/Tail Rotor Hub (DMWR 55-1615-162)
23. Ch-47 Aft Rotary-wing Drive Shaft (DWfRv 55-1615-113)
24. AH-lS Servo Cylinder (DMWR 55-1650-322)
25. Ch-47 Electromechanical Linear Actuator (DMWR 55-1b80-289)
26. CH-47 Electromechanical Linear Actuator (DMWR 55-1680-266)
27. OH-58A Gas Turbine Fuel Control (DMWR 55-2915-148)
28. UH-1 Centrifugal Fuel Booster Pump (DMWR 55-2915-284)
29. U-21 Propeller Governor (DMWR 55-1610-222)
30. OV-1 Pressure Demand Oxygen Regulator (DMWR 55-1660-113)
31. UH-1 Valve Assembly (DtAWR 55-1615-150)
32. OH-58A Fuel Pump and Filter (DMWR 55-2915-147)
33. CH-47 Flight Hydro System (M5vR 55-1650-291)
3 4. CH-47 Hydraulic Starter (DMWR 55-2995-107)
35. AH-1 C/S Electro-hydraulic Servo-actuator (DMWR 55-1650-160)
36. 0H-58 DC Starter-Generator (DMAR 55-2925-245)
37. Army Model OH-58A Helicopter (DMWR 55-1520-228)
38. Ah-IS Helicopter (Modified) (DiIWR 55-1520-234)
39. U-21 Propeller (DMWR 55-1610-219)
40. T74 CP700 Engine (DMWR 55-2840-120)
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in the order in which they are to be done. In each case the latest changed
version of the DMWR will be used as the baseline for the review.

3.1.2 Military Specification MIL-M-6301: Preparation of Depot Maintenance
Work Requirements

This specification contains the detail requirements for preparing DMWRs.
The version MIL- M-63041C(TM), dated I Octobar 1934, is used.

3.1.3 DARCOM Regulation No. 750-9:. Reliability Centered Maintenance -
Application to Depot Maintenance orK Recuirements

This regulation defines the basic philosophy of RCM as it relates to
depot-level maintenance and directs that DMWRs be developed in terms of RCM
philosophy and that DMWRs be reviewed and revised or rewritten as necessary to
incorporate the RGI pnilosophy.

3. 1.4 Interviews

The equipment 1o which the DMWRs to be reviewed apply will be followed
through the depot process by experienced RTA engineers, starting wit' preshOO
analysis, if applicable, and proceeding to the prime shops. At each step the
Jepot personnel directly involved with the equipment will be interviewed to
determine weaknesses and problems with the equipment, how these
weaknesses/problems can be addressed, and the high confidence items which can
be snort routed. This wrill involve, as a minimum, witnessing the disassembly
of the equipment.

in aadition tne cognizant engineers in the AVSCOM Depot Engineering and
RQ1 Office for each piece of equipment will be interviewed to obtain tneir
expertise.

3.1.5 AVSCOM Fhnieering Directives (AEDs)

Certain AEDs deal with concepts and procedures for processing and
managing equipment through the depot process. These include AEDs on RCM
application to T53 engines and to transmissions and gearboxes, AEDs on
complete depot repair (CDR) programs for engines, and AEDs for the minor
repair of engines. These will serve as background material for the PSA
sections of the DMWRs reviewed.

3.1.6 AVSCOM RCM Data Bank

The AVSCOM Technical Analysis Branch collects, reduces and analyzes data
from all available sources relative to the operation and maintenance of
turbine engines. From this data U.S. Army turbine engine reliability,
maintenance significant items, and failure modes can be measured and
evaluated; engine components or parts with potential for improved reliability
can be identified; and future engine requirements can be decided. For engine
DMWRs, then, this data bank can be used to assure that current maintenance
tasks in the DMWR mitigate all prevalent failure modes and, if not, to
establish additional corrective maintenance requirements in subassemblies or
components of engines.

3.1.7 Other Data

Other data for the RCM DMWR review include AVSCOM memoranda on problems
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with certain equipment and corrective actions from safety of flight messages.

3.2 Step 2: Evaluate/Develop PSA Section/Other DMWR Parts

The main objective of the RCM DMWR review program is to incorporate
preshop analysis (PSA) as an integral part of the entire maintenance process
Lo ...... y ex tint failarc(s) t rough tc' u:c cf availablo data, test, and
inspection. Througn PSA an evaluation of these elements is conducted to
determine the condition of an item prior to performing corrective maintenance
to return the item to a serveable condition. Tests, inspections, experience,
and historical data, then, are used to determine overhaul procedures with the
least mainterance processes.

PSA is applied at the subassembly or component level to facilitate the
maintenance process and maintain the reliability of the item. Preshop
analysis utilizes visual inspection, diagnostic testing, nondestructive
testing, dimensional inspection, and other methods in conjunction with
experience and historical data in the evaluation process. Preshop analysis
'using inspections as well as diagnostic test is performeo at the highest
possible level of assembly to prevent unnecessary disassembly.

With use of the data compiled in Step 1, then, each DMWR will be
reviewed, and revised or rewritten as necessary, through accomplishment of the
tasks Listed in Figure 3-2 for the three categories of equipment.

The PSA DMWR section will, in general, comprise Chapter 3 of the DMWR and
will have the general format and content shown in Figure 3-3.
3.3 Step 3: Prepare Draft Document AED(s)

Document-type AVSCOM Engineering Directives (AEDs) will be the vehicles
for revising or rewriting a DMWR to incorporate the PSA section, and other
DMWR parts, developed in Step 2. These will be prepared in accordance with
Procedure No. DESS-009C.

3.4 Step 4: Review Draft AED(s)

The draft AED(s) will be submitted to the AVSCOM Depot Engineering and
RGM Support Office for review from an engineering and operational viewpoint.
They will be submitted to the Nondestructive Testing Information Analysis
Center at Southwest Research Institute for review from the standpoint of (1)
optimizing the utilization of visual inspection, diagnostic testing,
nondestructive testing, dimensional inspection, and other methods,
particularly as they would apply to preshop analysis, and (2) analysis and
evaluation of remaining life and life extension criteria and methodology.

The draft AED(s) will be revised and reviewed as necessary.

3.5 Step 5: Accomplish Pilot Overhaul

Action will be initiated to accomplish a pilot overhaul in accordance
with the draft AED(s). The pilot overhaul will be monitored, problems will be
resolved, and changes will be authorized during the pilot overhaul as
appropriate.

3.6 Step 6: Prepare Final Draft AED(s) and Final DMWR Report

The AED(s) will be revised, as necessary, based on results of the pilot
overhaul, and submitted to AVSCCM for the updating of the DMWR.

A final summary report for each DMWR, identified to DMWR number, NSN,
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I
1. AIRCRAFT:

A. Presnop Analysis 'PSA): If a PSA exists, i will be
evaluated; if it doesn't exist, it will be developed. The
DMWR PSA wnich results will provide guidelines to the depot
for examining the basic airframe and identifying the extent of
repairs required. litiatives will inclade:
1. Determining which panels and other structure require

arbitrary removal from the airframe and whicn are
removed only for cause.

2. Identifying specific structural weak points that must
be addressed at every overhaul.

3. Determining wnich aircraft require alignment checK at
".....' ~'e-naul and, if not, when an airframe alinment
fixture is required.

4. Reviewing the overhaul process to aeterm-ne what otner
tasks can be eliminated, streamlined, or accomplished
only for cause.

5. Detertmring the extent of repair for the .ailboom.
6. Providing guidance for using visual examinau.on :-

lieu of O ',wnere possible) for jeteccing cracks in
piece parts.

B. The accessories/comporents which require fu)nctional test or
special inspection will be determined.

C. The aircraft's characteristics weaknesses which must be
addressed at overhaul (convenience maintenance) will be
identified.

1:. 1A.R CCMPONENTS (ENGINES, TN&MISSIONS, EC.):
A. Fresnop Analysis (PSA): The PSA wil establish a limited

disassembly concept wnic-h will feature:
1. Short routing of the high confidence assemblies by

establisning hard t.ime bet-ween complete iisassemDiles
for each major assembly or subassemb iy.

2. :aentif ring inherent weaknesses wnic must be
addressed at each overhaul (convenience maintenance).

3. identifying bearings which require disassembly and
L-scection in clean room environment.

B. Guidance for using visual exa-ination 4-i ieu of .T wn .-3
pcssible for -eJecng :r ac.<s in pIece par:: - . .be
providec.

C. ?iece parts -.nicn snould remain :oget-zr for reazsmzc," ; nere
practical' and desired alternatives wnen sun parts do nct
remain together will be identified.

D. The DMmR will provide for check and test of the major
component's accessories and the performance of minor repair as
necessary.
The overhaul process will be reviewed to determine ht other
tasks can be elimirated, streamlined, cr accomplished only for
cause.

III. 7MALL CGMPONENTS:

Since these comporents are disassembled, on a workbench, directly into
their integral piece parts, there are usually not subassemblies, or
subassemblies are bonded together and further disassembly is impractical.
Although limited disassembly is not a viable initiative on small components, a
PSA will be developed to address:

A. Innerent weaknesess of the component which requires emphasis
at each overnaul.

B. Guidance in determining when and which parts require VD.
0. which parts should remain together for reassembly (where

practical) and desired alternatives when ucon parts do not
remain together.

D. Which bearings requiring disassembled/inspected in a clean
room environent.

I
Figure 3-2 RCM DMWR Review Tahk
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CHAPTER 3 - PMESHCP ANALYSIS

3. 1 Section I - Purpose, Test and Analysis Standards

3. 1. 1 Rpose. This paragraph will state something si-.ar to the following:
"The purpose of preshop analysis is to determine, at the nighest assembly
level possible, the work required to return the item to a serviceahle
condition as specified herein. If inspection at the highest level of assembiy
is precluded by missing, damaged or diagnosed defective assemblies,
consideration will be given to techniques that would allow continued
inspection at that level. If this is not possible, inspection will proceed at
the next lower level. A preshop analysis checklist (see 3.2) will be used to
record the results of the analysis and any required maintenance."

3. i. 2 in !Gvr Ger-I instructions for inspeotion of forms,
removal of end item, assembly, subassembly or component from snipping
container, external inspection, cleaning, temporary preservation, special
handling or decontamination procedures, modifications, and testing will be
contained in the following paragraphs:

3.1.2.' :nspection of Forms. Instructions to check all tags and forms
:acneo to 'he end item, assembly, subassembly or component to determine rne

reason for removal from service, other discrepancies, and accumulatec
operating time will be covered. This will include instructions not to remove
the tags and forms. if any tags or forms are missing, instructions for
obtaining the information tney contain will be placed here.

3. 1.2.2 Removal of End item, Assembly, Subassembly or Coponent fro Shppin
Container, PacKage or Storage. Instruction for removal from snipping
container, package or storage aro electrostatic discharge control measures
will be covered.

3.1.2.3 External :nspection. instructions for external inspect-on of the end
item, assembly, subassembli or component will be Includec to determine
completeness of end item, assembly, subassembly or component, evience of
d-age, and remaining life.

3.1.2. Cleaning. Instructions for cleaning of the end item, assembly,
subassembly or component for irspection will be covered.

3. 1.2.5 Test. This paragrapn wil: cdntain instructions for presno. analysis
tests wn include verifying tests to confirm damage.malfinction
repor:,hisoric l recorairemainirng life/iata (unless damage :alfun:cton Is
obvious), nondestructive or operatioral c-ec,'performance funotor . tests ano
troublesnocting/fault isolation procedures to support testing.

3. 1.2.6 Temporary ?reservation/Protection. instructions for temporary
preservation/protection of the end item, assembly, subassembly, :r component
pending performance of maintenance required will be contained or referenced
nerein.

3.1.2.7 Spec-al Handling or Condemnation Procedures. Instructions for
special handling or condemnaticn procedures for such reasons as precious metal
content, high dollar value, critical or hazardous material will be covered.
Any pertinent available documents on handling or condemnaticn will be
referenced.

3.1.2.8 Analysis Maintenance Actions. This paragraph will ontain general

standards for analysis to determine maintenance actions wnich are based on
results of the preshop analysis. This paragraph may be combined with the test
Paragraph 3.1.2.5.

3.2 Section ii - Presnop Analysis Cneck.list (see Figure 3-.)

A preshop analysis checklist -,ll be prepared, in working sequence, and
contain visual external inspections, tests and analysis maintenance actions
required of the end item/assembly/subassembly or component at the highest
level of assembly. The checklist will be used to evaluate the end item,
assembly, subassembly or component to determine the extent of overhaul
operations required to make the end item, assembly, subassembly or component
completely serviceable as specified in the DMWR. Complex end items may
require removal of assemblies (pcwerplant/engine and transmission, etc.) for
preshop analysis in accordance with the applicable publication which will be
listed under the recommended maintenance action column of the PSA checklist.
Detailed test procedures or reference to the final test procedures, which
include verifying test to confirm damage/malfunction, report/historical
record/data (unless damage/malfunction is obvious), nondestructive or
operat onal/flignt testiperformane- test (with AOAP sampling and
trcublesnooting/fault isolation), will be listed on the PSA checklist.

Figure 3-3 PSA DMWR Section Format and Content
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Table 3-1. Preshop A alysis Checklist - Engine . and' 13ignature and

Para Condition/Dimensions Recommended Date of Person
Inspection/Test Ref Found Maintenance Action Performing AnalysisII
<-(Typed in by preparing--> <--(Written in by person p.i ornir -- ;

activity) analysis)

Review of records 3-14 Ol ; (Dd ,tie.1 'a'''"
and data .- / /

Sheet of

Figure 3-4 Sample Preshop Analysis Checklist
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nomenclature, and model, will be submitted giving background information;
program objectives; number of additions/deletions to the DMWR; pertinent
azzuptions and methods used to make the charge, including a summary of depot
personnelAVSCOM engineer interview data and, for engines, AVSCOM RCM data;
pertinent comments; discussion; and conclusions, as well as the total cost of
the review/revision/change for that DMWR, including technical reviews,
editorial reviews, and other required efforts. Also included will be
information on manhour savings, manhour cost savings, material cost savings,
and the net cost savings, all per unit, as a result of the RCM revision of the
DMWR.
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1. 0 OBJECTIVE

The objective of this document is to describe the background,
assumptions, and methods used to review, and to revise or rewrite as
necessary, existing U.S. Army aviation depot maintenance work requirements
(DMWRs) in order to assure that basic reliability centered maintenance (RCM)
philosophy is incorporated into the DMWRs. This effort was carried out in
accordance with the direction given in Army Materiel Co~nand (AMC) Regulation
No. 730-9 dated 31 August 1983 and is part of the response of the U.S. ArmY
Aviation Systems Camand (AVSCOM) to the Department of the Army mandate to
impleont RCM concepts and principles on weapon systems.

2.0 BACKGROUND

2. 1 Reliaoility Centered Maintenance (RCM)

Reliability centered maintenance CRCM) is a systematic, disciplined
metnodology used to identify maintenance neeaed to ensure restoration and
preservation of the inherent design reliability, safety, and mission
accaplisinmenL of equipnent at a minim expenditure of resources and to
prevent indiscriminate maintenance which is not cost effective.

:he overall objective of RCM for a materiel systean is to arrive at that
precise amount of maintenance which is essential for restoring and preserving
inherent system reliability, meeting safety standards, and miniizing the

!i aiood of mission abort.
RCM is based upon -e p-emise tnat maintenance cannot Lmorove :Zon the

safet" or reliability inherent in the design of the hardware. Good
marnntenance car only preserve these cnaraceristics. The RCM concept
evauates maintenance based on equinent funzctions ana failure moses.

RCM divides the total malntenance spectrm into three categories of
maintenance:

Hart Time Limit Maintenance consists of that maintenance
that is performed at a predetermined, fixed interval because
of age or usage such as operating time or flying hours.

'2, On-Zondition Maintenance (OCM) is performed, or an item is
replaced, based upon an inspection and evaluation of the
item. On-condition evaluation and inspection are performed
for either of to reasons:
(a) To anticipate failure by detection of

deterioration and thereby attempt to prevent tn
occurrence of failure during operation, or

(b) To determine the occurrence of hidden faiLres;
i.e., failures that are not detectable by the
operator/crew during normal operation

3) Condition Monitoring of equipment is carried out during
normal operation or startup procedures .ithout detracting
from actual operation. Tne operator/crew is directed to
monitor for specific abnormal conditions. The condition
monitored item may normally be corrected by the
operator/crew or be operated for the duration of the mission
without any adverse effects. It is perfonmed for either of
two reasons:
(a) To observe a deteriorated condition wr.ich w:ll

lead to failure if uncorrected, or
(b) To observe tne occurrence of failure curing

operation.



RCM does the following:
(1) Identifies (using data from system safety and reliability

programs) components in a system which are critical in terms
of mission accomplishment and operating safety,

(2) Determines the feasibility and desirability of maintenance,
(3) Highlights maintenance problem areas for consideration, and
(4) Provides supporting justification for maintenance.

The RCM philosophy dictates that maintenance should be performed on
critical components only when it will prevent a decrease in reliability and/ r
deterioration of safety to unacceptable levels or when it will reduce the
life- cycle cost of ownership of the system or equipmnent. Maintenance should
be performed on noncritical components only when it will reduce the life-cycle
cost of owership of the system or equipment.

As it relates to depot-level maintenance, RCM provides a methodology so
tnat depot maintenance is accomplished on a rational basis. An RCM process at
the depot level first identifies existent failure(s) through use of available
data, test, and inspections. An evaluation of these elements is conducted to
determine the condition of an item prior to performing maintenance to return
the item to a serviceable condition.

Tests, inspections, experience, and historical data are used to the
extent practical for each unique item of equipment to determine depot
maintenance procedures with the least processes. Particular attention is paid
to the following areas:

(1) The Army Oil Analysis Program (AOAP), as prescribed in AR
750-22, is used as applicable to identify maintenance
requirements in subassemblies or components.

I-) Preshop analysis (PSA) is incorporated as a integral part of
the entire maintenance process. Preshop analysis using
inspection as well as diagnostic test is performed at the
highest possible level of assembly to prevent unnecessary
oisassembly.

3) Wear tolerances are revie-ed to allow maximum use of parts
within safety and reliability parameters. Tolerances that
are primarily for manufacturing purposes are not required
checks unless specifically required for reliability or
saf ety.

'4) Dignostic tests are reviewed for general application and for
maximu:. allowable variation while retaining safety and
reliability. Tests are used to determine the extent of
depot maintenance, not to confirm design parameters.

(5) Economic considerations and trade-offs are balanced against
reliability and safety requirements. If limited disassembly
is required to determine condition and repairs required, any
parts or assemblies easily accessible because of this
disassembly are considered for repair or replacement based
on condition, reliability, age-usage relationship and
economics.

(6) Disassembly and repiacement solely for cosnetic purposes are
avoided.

(7) The benefits of refinishing end items and assemblies are
weighed against the consequences of touch up only.

(8) Component repair or replacement is justified by
statistically sound test or field data. Repair or
replacement of an item is correlated closely between
reliability and age or usage.



2.2 The Depot Maintenance Process

Figure 2-1 illustrates the depot maintenance process as performed at
Corpus Christi Army Depot (CCAD) and, in general, for Army aviation equipment.
As shown in the figure, all aviation equipment items are grouped into three
categories upon induction into a depot:

(1) Category I: Aircraft - This category encompasses the total
aircraft; for example, the airframe, electrical wiring,
seats, transparencies, push-pull systems and doors.

(2) Category II: Large Components - This category encampasses
large components and major assemblies; for example, engines
and transmissions.

(3) Category III: Small Components - This category encompasses
small components and accessories; for example, generators,
hydraulic pumps and oil coolers.

2.2. 1 Depot Maintenance Work Requirement (DMWR)

A DMWR is a comprehensive document which contains complete overhaul
criteria, identifies minimum acceptable standards and (where applicable)
provides preshop analysis guidelines for determining the extent of repair
required. It is normally provided as the "Statement of WorK" for each item
contracted or programmed for depot level maintenance. It is a "how to do"
type of document which provides the necessary instructions for the complete
overhaul of the item, including modification of parts, subassemblies, and
assemblies and/or parts, subassemblies, and assemblies required to convert to
latest item configuration as specified in depot program notices.

The U4WR is the resuli of an intensive effort to determine the processes
requirea to achieve maintenance standards and incorporate those processes into
a usable document as described in MIh-M-63041. That resultant document srould
be constructed in a manner which will enable it to be utilized by t n ose
elements responsible for producing a quality product that meets tne
serviceability requirenents. The effectiveness of the 34WR w-il result in
minimizing resource and materiel expenditures required to restore and retain
reliability and safety of the equipment.

DMWRs are supplemented in the depot by AVSCOM Engineering Directives
(AEDs). AEDs address specific problems in a DMWR and serve as an aid in
updating the DMUR. AEDs are also used to formulate technical data paciages
for piece part repair, contracts and provide alternate procedures to the aepot
because of unique capabilities or restrictions. AEDs of this latter type are
referred to as "program" AEDs by AVSCQ4 DERSO since they will not be picked up
in a XMWR.

2.2.2 Preshop Analysis

Preshop analysis (PSA), an integral part of the entire depot maintenance
process, is a logical inspection procedure that is done to determine tne
condition of an item sent to the depot. The condition of an item, along with
the reason(s) why the item as sent to the depot and the component operating
times, will dictate the minimum amount of depot maintenance needed to restore
the item to inherent design safety and reliability levels. PSA identifies the
extent of disassembly and repair required at the appropriate prime shop(s) and
also determines if canponent "short routing" can occur, i.e. if components can
be sent directly to the control holding area or assembly lines. Preshop
analysis utilizes visual inspection, diagnostic testing, nondestructive
testing, dimensional inspection, and other methods as determined appropriate
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in conjunction with experience and historical data in the evaluation process.
Preshop analysis using inspections as well as diagnostic test is performed at
the highest possible level of assembly to prevent unnecessary disassembly.
Defined weak spots within a component must be accessed to inspect for
specified historically common deficiencies and to determine repair required to
restore item design requirLenents reliability and safety.

The PSA section of a D~v;R provides the "What-to-do" guidelines necessary
for determining when and where to apply the NdR's procedures.

2.2.3 Minor fRepafr

Although overnauld is the major part of the work performed at a depot, rnot
all of the Items orocessed at a depot receive a complete overna-ul. When a
complex unit becomes 3efective in the field, and is beyond field repair
capability, it 4-s often more cost effective to minor repair rather than
overhaul when received in the depot. A minor repair consists of tne minimzn
maintenance necessary to correct the specific discrepancy that caused the itffn"
to be returned t:o the depot a long with other applicable tasks associated w:_tn
reassemoly, testing, and preservation. The minor repair changes the status of
the unit from a repairable item to a serviceable item retaining reliability
and safety design level requirements, but it does not, in general, increase
the unft's potential 'Longevity. The determination to minor repair or overhauL
is macie af"ter the iten is inducted into the depot ant indergoes a p -ezno-;
analysi*s (S

-e -,;strates a longevity curve 'w-Ifcn depicts wear/degradation
benav'ior wi tn resoect: to time. The slope of tne curve during wear-in anc
wjear- out var:.e- :--om o t as does tne _er.7t* ant slope of tne Stac~
wearhfeuart cf tne cr.i r~ v escrepan~y chan-s an ftmsStatus fro

se-v~oeae t: rear eana acts as a roatbloct: i'n pr-e7,enting the i;m fo
prozress--ni oo n:t o n evit y cirve. wnen tne cl'sorepancy ar:ises, usu;E_-
ei omer overrna- o)- minor rezcair' Is perfor-meo.; Dvermaul Is performet t

~ecve ued:wear -:.fe in itens wit teot wenoe-u 'T Limit:;
t.-e logvt.of an overna _e7-t en.ar ao.oroximates thlat of a new iteat. A minor
r epa:r rienoves the roadblock: ana all_ ows the urnit to3 p! o)gress ; it doe-, not
recou any 3f tine usea u:) wear life and therefore does not change the item's

posotoro thIe loovtcurve. ror simpl-e 3--X ftes witno)ut -.33z minor
repalr :.a tine on---.v at:e-natlve.

74igure 2- impa ct of Repair on Potential L.nzev :zvy



3.0 RCM DMWR REVIEW ASSMFrIONS AND METHODS

3. 1 Initial Considerations

The method used to apply RCM to Army aviation LMWRs was to develop PSA
sections/chapters for the DMWRs which will provide guidelines necessary for
determining the minimum extent of maintenance needed to ensure restoration and
preservation of the inherent design reliability, safety, and mission
accomplishment of the equipment covered by the DMWR. Tasks to accomplish this
are listed in Figure 3-1 for the three categories of equipnent.

"Extent of maintenance" can be broken down into "minor repair (inspection
and repair)" and "overhaul". A decision logic to determine if minor repair
(inspection and repair) is feasible for a given item is given in Figure 3-2.
Engine time since new or last overhaul is not changed after minor repair.

To eliminate unnecessary maintenance tasks while restoring inherent
system reliability and safety requirements, one initiative (where applicable)
is only to partially disassemble the item during the overhaul process. This
initiative is viable on complex items, such as engines and transnissionswhere
an item is extensively evaluated during PSA to determine if its condition
requires complete disassembly. AVSCOM DERSO distinguishes the processing ,f
an item that requires complete disassembly by referring to "complete
disassembly and overhaul"; processing of items that require only partial
disassembly is referred to as "limited disassembly overhaul". The item's
records reflect zero time since overhaul after a limited disassembly overhaul.
The following questions should be asked in studying the item to determine if
limited disassembly is a viale uption:

(1) Does the item have subassemblies, modules, accessories,
etc.? IT so, do same subassemblies have considerably more
longevity than others?

(2) What are the item's inherent design weaknesses?
(3) What are the most common causes for depot return?
(4) Are there some maintenance tasks that are not necessary

under certain situations?
The considerations in this section, then, provide an initial general

framework for development of a PSA section/chapter.

3.2 RCM DM1R Review Procedure

The procedure developed to review, and revise or rewrite as necessary,
Army aviation DMWRs for RCM philosophy is illustrated in Figure 3-3.

3.2.1 Step 1: Compile Data

3.2. 1. 1 DARCO4-R 730-9

U.S. Army Materiel Command (AMC) Regulation No. 750-9, Reliability
Centered Maintenance - Application to Depot Maintenance Work Requirements,
dated 31 August 1983, defines the basic philosophy of RCM as it relates to
depot-level maintenance and directs that new DMWRs be developed in terms of
RCM philosophy and that existing Z4iRs te reviewed and revised or rewritten as
necessary to incorporate RCM philosophy. This regulation then provides the
direction in accordance with which the procedure outlined in Figre 3-3 is
carried out.

3.2.1.2 Current DMWR

The current IMWR for tne particular fielded Army aviation equipment being

6
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I.AIR~CRAFT;

A. Preshop Analysis (PSA): It a PSA exists, it will be
evaluated; if it doesn't exist, it will be developed. The
DMWR PSA which results will provide guidelines to the dept
for examining the basic dirframe and identifying the extent of
maintenance required. Initiatives will! include:
1. Determining which panels and other struture require

arbitrary removal from the airframe and which are
removed only for cause.

2. Identifying specific structural weak points that must
be addressed at every overhaul.

3. Determining which aircraft require alignment check at
every overhaul and, if t.ot, whien an air frame alignment
fixture is re.quired.

L;. Reviewing the depot maintenance process to determire
what other tasks can be eliminated, streamlined, or
accomplished only on condition.

5. Determining the extent of repair for the tailboam.
6. ?roviding guidance for using visual examination in

lieu of nondestructive testing Z D (where possible)
for detecting cracks in piece parts.

B. The accessories/components which require fun~ctional test or
special. inspection will be deterained.

C. The aircraft's characteristic weaknesses which must be
adaressed at each deoot maintenance (convenience maintenance)
wil oe identified.

I1AJ 1 P Z2 NTS (ENGINES, TIFAN.23IZS EC)
A. ?reshop Analysis (P3A): Tne PSA will establish a limited

'isassembly concept which will feature:
I Short routing of the high confidence assemblies by

estaolisninz nard time between canolete asassmies
for each major assembly or subassembly.

et fying inherent wea,:nesses -a:c cs'
adressed at each aepot maintenance convenience
maintenance).

oaentifying bearings which require disasse-ubly an-'
inspection in clean roam environment.

S. u'.cance for using visual examination in lieu of NDT Ow-.e-e
possible) for detecting craCKS in piece parts will be
provided.
Piece parts which should remain together for reassembly :were
practical) and desired alternatives when such parts ac not
remain together will be identified.

D. The DMWR will provide for check and test of the major
cxoponent's accessories and the performance of minor repair as
necessary.

E. The depot maintenance process will be reviewed to deter-ine
4hat other tasks can be eliminated, streamlined , or
&aconplisned only on condition.

SIMll M2NS

Since these components are disassembled, or. a workbench, directly into
tne~r integral piece parts, there are usually not suoassemclias, or
suiassemblies are bonded together and furtner disassembly is impractical.
A I tno ugh limited disassembly is .act a viaole initiative on =na.- coamponents, a
PSA will be developed to address:

A.Inherent weaknesses of the component which 'equire emphasis atI each depot maintenance.
B. Guidance in determining when and which parts require NDT.

C.which Darts should remain together for reaszembly )wnere
practical) and desired alternatives wnen such parts do not
remain together.

D. Whicn bearings require disassembly/inspection in a clean room

en%*ironment.

~ ixre3-iROM 2DIWR Review .ask*S
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reviewed for RCM application forms, or course, the baseline for the

evaluation/development of the PSA section/chapter carried out in step 2.

3.2.1.3 AVSCCM Engineering Directives (AEDs)

Certain program AEDs deal with concepts and procedures for processing and
managing particular equipment through the depot process. These include AEDs
on RCM application to T53 engines, on limited disassembly overhaul of engines,
on minor repair of engines, and on RCM/minor repair of transmissions and gear
boxes. These serve as background material for the evaluation/development of
the PSA section/chapter.

3.2.1.4 Snop Travelers

Shop travelers are depot work order documents that proviae authorized
prescribed sequential shop routing and technical processing instructions for
assemblies, accessories, components, end items, and/or parts. They are
developed utilizing applicable DMWRS, document AEDs, program AEDs, and/or
field maintenance technical manuals. They provide information on how the
particular fielded Army aviation equipment being reviewed for RC application
is currently processed through the depot and can be used as backgrounc
material for the evaluation/development of the PSA section/chapter.

3.2.1.5 Interviews

The fielded A-my aviation equipment being reviewed for ROM application is
followed through the depot process by experienced engineers, beginning wits
preshop analysis, if applicable, ant proceeding to the prime snops. At esch
shop the depot personnel directly involvez with the equipment are in-erviewet
to determine weaknesses and problems with tne equipment, how tnese
weamnesses/probiems can *ne -idressed, and tne high confidence itns wnicn car
be snort routed.

In addition the cognizant engineer(s) in the AVSCOM Depot Engineering ana
R.M Support Office (DERSO) for tne equipment are interviewed to ootain their
expertise.

The information obtained from the intervies is used to supplement and/or
confirm information from the current DMWR, AED, and shop travelers.

3.2.1.6 AVSCa4 RCM Data Bank

AVSCOM DERSO's Technical Analysis Branch collects, reduces and analyzes
data fram all available sources relative to the operation and maintenance of
turbine engines. From this data U.S. Army turbine engine reliability,
maintenance significant items, and failure modes can be measured and
evaluated; engine component or parts with potential for improved reliability
can be identified; and future engine requirements can be decided. For an
engine, then, this data bank can be used to assure that current maintenance
tasks in the D.4WR, program AEDs, and shop travelers mitigate all prevalent
failure modes and, if not, to establish additional maintenance requiremnts in
the PSA section/chapter developed in step 2.

3.2.1.7 MfLM-63041C(TM)

Military specification Ml-M-63041, Preparation of Depot Maintenance Work
Requirements, contains the detail requirements for preparing DMWRs.
M!L-M-63041 requirements for PSA chapters/sections are used in determining the

10
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format and content of the PSA sections/chapters prepared in step 3. 'ne
version MIL-M-63041C(TM, dated 31 October 19814, is used.

3.2.1.8 Other Data

Other data for the RCM DMWR review include ASCCM memoranda on problems
with certain equipment and material from previous RCM application to the
equipment.

3.2.2 Step 2: Evaluate/Develop PSA Section/Chapter

With use of the data compiled in step 1: if a PSA section/chapter exists
for the DKrR being reviewed, it is evaluated; if it doesn't exist, it is
developed. Major considerations in the evaluation/development of a PSA
section/chapter are as follows:

(1) If minor repair is feasible for the item covered by the rMWR
being reviewed (see Section 3-1 and Figure 3-2), the PSA
section/chapter should contain minor repair criteria and
overhaul criteria. The PSA section/chapter should make
clear that the procuring activity will establish separate
programs for minor repair and overhaul. The minor repair
portion of the PSA section/chapter should address the cause
for depot return and also include (where applicable)
convenience maintenance where convenience maintenance
involves inspection, repairs, or other preventive
maintenance that is determined to be cost effective and/or
significantly improves longevity, reliability and/or safety
and thus is done wnile the it-e is in the depot.

,2) if minor repair is not feasible per Section 3-1 and Figue
3-2 and overhaul is the only viable alternative, the PSA
section/chapter should stipulate that "minor repair is not
econcmicaliy feasioie for this item".

(3) The questions given in Section 3-1 should be asked to
determine if limited disassembly is a viable intiative
during ovrhaul of this item.

(4) The primary weaknesses and strengths of the item should be
studied in detail. The strengths provide justification for
a limited disassembly approach. The weaknesses should be
addressed by convenience maintenance during minor repair or
limited disassembly overhaul.

(5) A PSA checklist should be included as a handy, streamlined
list of the issues addressed in depth in the PSA
section/chapter, i.e., it should be totally redundant. It
should not repeat any of the inspection tables that are
contained in the maintenance (how-to-do) sections/captersof the DM4R.

(6) A mandatory modification table should be included as a handy
list of the modifications that can be accomplished on the
item. All of the modifications are required at overhaul;
safety-driven and/or cost-effective modifications should be
required at minor repair.

3.2.3 Step 3: Prepare Draft PSA Section/Chapter

A draft PSA section/chapter is prepared, incorporating the considerations
and evaluation/development in step 2, in accordance with the format and



content data requirements of MIL-M-63041. The section/chapter is tailored to
the particular DWR/Army aviation equipment item being reviewed. bwever, two
portions, of each PSA section/chapter prepared are fairly well standardized:

(1) A purpose statement very similar to that given in
MIL-M-63041 is provided as the first paragraph in the
section/ chapter.

(2) The FSA checklist format has been standardized to that shown
in Figure 3-4. This format is adapted from that given in
MIL-M-63041.

3.2. 4 Step 4: Review Draft PSA Section/Chapter

The draft PSA section/chapter is submitted to AVSCC? DERSO for review
from an engineering and operational viewpoint. It is submitted to the
Nondestructive Testing Information Analysis Center at Southwest Research
Institute for review from the standpoint of optimizing the utilization
of visual inspection, diagnostic testing, nondestructive testing, dimensional
inspection, and other methods as they apply to preshop analysis.

3.2.5 Step 5: Revise Draft FSA Section/ Chapter

The draft PSA section/chapter is revised until approved by AVSCCM DERSO.

3.2.6 Step 6: Estimate Man-hour/Cost Avoidance

Once the PSA section/chapter is approved by AVSCCM DERSO, estimation of
the man-hour/cost avoidance resulting from RCM revision of the DAWR through
-ne PSA section/chapter can begin. If RCM has already been applied
previously, through program AED and/or shop traveler, to the fielded Army
aviation equipment covered by the DKWR revised, complete data on inan-hors,
marn-hour costs, and parts costs required for depot-level maintenance before
and after RCM application probably exist and can be obtained from depot
program production planning and control managers for the equipment involved.
if complete data do not exist, at least data for maintenance before ROM
application (i.e., complete disassembly and overhaul) are available from these
managers; then, with assistance from depot production engineering personnel,
the cost avoidance resulting from application of RCM can be estimated.

For small, Category III components which are maintained on a
"on-condition" basis (i.e., they do not carry a TBX) at a small cost per init
(approximately $1000 or less), there is no advantage to distinguishing "before
RCM from "afte RC'. Therefore, cost avoidance estimates are not done for
these components.

3.2.7 Step 7: Preoare ocumnent AED

A dociment-type AED is prepared in accordance with Procedure No.
DESS-009C as the vehicle for revising or rewriting tne DWR to incorporate the
approved PSA section/chapter for release to the depot maintenance facility for
implementation and to AVSCOM, St. Louis, along with a DA Form 2025 for
publication change.

3.2.8 Step 8: Prepare Final EMWR Report

A final DMWR reort on the IUWR revised using RCM principles is prepared
in accordance with DARCaM-R 750-9 and submitted to the U.S. Army Materiel
Command Materiel Readiness Support Ativity.

12



Preshop Analysis Clecklist.

INSPECTION
POINT CONDITION ACTION RE4ARFS DONE

IL

Figure 3-4. Standard PSA necklist Format
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APPENDIX A

GLOSSARY

Minor Repair (Inspection and Repair) - That maintenance performed to address
the cause for depot return of an item, to restore the item to serviceable
condition through correction of specific failure or unserviceable conditions
and to address an item's inherent weaknesses by carrying out conveience
maintenance-inspections, repairs, and other preventive maintenance that are
determined to be cost effective and/or significantly improves 'on gevi Jt-y,
reliability, and/or safety, given that tne item is in the depot. For ites
with TBOs the only alternative to minor repair is overhaul. For OCM items
minor repair is distinguished frcm major repair simply by the aepth of effort
required. Major repair includes a greater degree of convenience maintenance.
Minor repair does not "zero" the "time since new" or "time since overhaul" of
the item.

Limited Disassembly Overhaul - An approach to overhauling an item in depot in
wnicn the item is restored to a serviceable condition through partial
disassembly, inspection, replacement, or repair of parts as specified in
applicable technical manuals or DKWR. High confidence assemblies are snort
routed by establishing nard time between cmplete disassemDlies for each major
assembly or subassembly. inherent weaknesses are identified which must be
addressed at each depot maintenance. Refer to paragraph 3-1 for details.
This action "zeroes" the "time since overhauZ" of thne item.
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ACE WORKSHEET

(EXAMPLE, PAGE I OF 2)
i -

AIRFRA.IE CONDITION EVALUATION !MASTER E-.- UNIl AREA LOCATION

(ACE)

UH-IB/C/M
TUW

AVSCOM PAM 750-1 (4)

Card Col PROFILE INDICATOR NOMENCLATURE ITEM >

T U W TYPE/MODEL/SERIES I

02-08 SERIAL NUM]BER 2

09 ,. SPECIAL MISSION 3 m

10 MAJOR COMAND 4
11-12 GEOGRAPHICAL LOCATION 5

13-16, JULIAN DATE OF ACE 6

17 N 0 A/C NEW OR OVERHAULED .

18 C N P S K O/H BY
19-22 A/C HRS AT TIME OF OVERHAUL 9

23-26 JULIAN DATE OF OVERHAUL 10

27-30 TOTAL HRS ON A/C H|

31 C K L M OVERALL CONDITION 12

S C Y L M PAINT CONDITION 13

E C F Y R CARGO DOOR POST UPPER & 1.OWER L;"H 14
_4_ _ C B Y p CARGO DOOR UPPER FRA4. I./H 15
J5 _ S C Y J D U R LPER AFT CARIN BULKHEAD PANEL 1./I1 16

36 S C Y J D U R FUEL CELL FORWARD BULKIIEAD PA4EI. L'H Ih

SCYJDUR UPPER AFT CABIN BULKHEAD CENTER PANEL 16

.! &f'PrR ArT PAUU!_K1' A PANL [',! 16

S C Y J D U R FUEL CELL FORWARD BULKHEAD PANEL. R/H 16

__O_" S C Y J D U R FUEL CELL UPPER OUTBOARD PANEI. I./H I

5 C Y J D U R FUEL CELL CENTER OUTBOARD PANEL L/H 16

2 1 S C Y J D U R FUEL CELL LOWER OUTBOARD PANEL 1./H 16

3 s C Y J D U R FUEL CELL UPPER AFT BULKHEAD LI./l 1

S C J D U R FUEL CELL LOWER AFT BULKHEAD 1/11 16

F A Y R UPPER AFT DOOR TRACK .Ll ,& R/II 17
E A Y P LOWER AFT DOOR TRACK L/H & RIH 1?

_____S C Y i D U P WORK DECK PANEL 'L/H 16
C' V R WIRE BUNDLES. AVIONICS COMPARTMI:NT 25

49 E C B Y R AFT FUSELAGE VERTICAl. WEB 18

E G B Y R TAILBOOM VERTICAL SKIN 19

E C Z P TAILBOOM ATTACH FITTING UPPER & LOWER U'14 20
E C Z R TAILBOOM ATTACH FITTINC UPPER & LOWER RH 2n

_3 S C Y J D U R FUELL CELL AFT BULKHEAD PANEl. R/H Ib

54 S C Y J D U R FUEL CELL UPPER OUTBOARD PANEL R/H 16

35 5 C Y J D U R FUEL CELL LOWER OUTBOARD PANEL R/H lr
56 S C Y : D U R WORK DECK PANEL R/H lb

7 " R CENTER SERVICE (ENGINE) DECK lb
______ E C B v R .PYLON ASSEM.iLY HORIZONTAL WEBS, L/H 6 R/H 21
C9 Y R FIFTH HOUNT ATTACH AREA 22
bOE C Y T P R LFT BEAM. WEBS AND LOOSE HI-SIIEARS 23

61 q C Y 7 D U R ROOF DECK PANEL 16

62 E C B Y A R CARGO DOOR UPPER FRAME R/H 15

NAME PROFILER 4RECORDS

I


